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Hr 1 ffi^-*^ hMc-il' b - i<'>;^ Z 1 3 
Lorj. mi^T-*5J:i>*^3«^©ra(D!«SS?:^{t$ 



V— 130 



CT4^ R42 /T' /CT5 



40 




CTl- 
CT2 — 
CT3 — CV 
CT4— 
CT5-^ 



(2) 

1 

1 m^T-ffi^^tc > b-- 5^'>x z 1 ^mm2 s^*^ lo 
h^tc^ > f - z 2 iicmmmdcmiy^^mmimt^ 

^2«^-W. ifvo>\ricmmsti. 

^^/c-f > f - ^'•v;;^ z 3 fc*®Wtc^ti,^H^*ilJ# 20 

i/-5-:>. m 1 fflT-tecfcom 3 s^-©ffl©ji^a?:^ 

»2hv>yxi»*5. iriam2JS8-?-<!:i'5'?>Ki©HI 
^3 h7>-:^X$*i« BtflB^Sffi^^ii/^-^^Kiora 
S4 t-v>yxdf*J. ®Elllffl^<b^ll2«S-?4ora(i: 30 

^3h7>y;<f«. :i->tt!i-c*i3. 

1(113^2 t>^!ifctet-^r, 

[ifjR^3] mlB-Of-df^xz l«. 0. 5xz 
A- 2. OxZA©l8HK:*«WfC^*n> 
B!iiB'f>f-i?'>xZ 2«> 0. 5XZT~2. OxZ 

iriB-/>b--y>;^Z3«. O. 5xZR-2. OXZ 

ccrzA, ZTfcJ:(y-*ZR«. ■?-n-e^imi3r>r 
BuieaifHS*jiofBfriBsmts©'f>f-i<'>x4^ 

[ii*«4] liria^i iria^2 h7> so 
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2 

g[2 o©y- h B. -en^njgin:?:/M.-cmm9^^:SiJii 

©/c*©m4SC:fm'SiS*S3 KieiS©^ -< 7 97 v 

3«^i> m27ly^i-<.cW^^ini>mAmi-tm 
^. II2«.^. ll3t^SI43cl;CJf»4ttS«:*»J 

0 l> X y 5=- 7 f -f * - if r * o r > 

^ 1 t^J^fCtel^TtJ. 

emJSm g[||2S^{c«i^§ti. *>og[m3S^ 

iiE®4iam feii2a-f. ismsssi^fc 

g[Mi^^-3!i>6J^fc-('>f-i*'>xz H)m'm2m-ifi 
f- y > X z 2 tcjiwwKi? Lt,»ra«*«n# 

b-:)'?, K^ia-ffcJ;C>'SI^2^-?-©K©j^«*^ 
KS2t^SIK*ji,^r«. 

i^4ism m.m2^=f-. imzm^is 

^ 1 >f-y>XZ 1 *W3ffi-f 

^-5-3, gt0 1 m-^iiU^ 3 iffi^ ©H©jl^«4^ 
{bS-tfSJ;^K:> Kx-f 2f9^7 >f4^-i'BSmWK$0 

^4^^-B> ^2JS^-K:}giK3n, *^o^3}Si^ 

W^2m-. i?[||3^^. ^m44S-?te 

^4JST-*^f>i?>/c-/ > f-ir>xz 4*^KII2iffiT*^ 
6*A:-{ > f-if>X Z 2 K;j|Mff5«Cl?LtriM#4*6}# 
ooo. ^4«i^*5j:om2iS^©IH©?lJ^fi%IE 
{tS^t^Si^tc^ g[X-f-^3^7?'f*-fBaSlW(C«| 

^4Rtl(cteiirB> 



3 

hhfcA > f - z 3 ic%nmi-c^L\.>^%^im 
law 6*1. 

*). 
>). 

HtflBll3tfc1ltc*ji,ir, 
*]> 

H?i5S4t^mfeCi-C. 

^1 ^4 h-7>t?X$, gE»5 

0. 5xZA~2. OXZAOffiHCcHMWK:^**!. 
inB'<>b--f>;:^Z2i3:. 0. 5xZT~2. OXZ 

iria-f>f-5^>:^Z3B. 0. 5xZR~2. OXZ 
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4 

ct-czA. zT*jj:o'ZR«. ■en-?'niriB7>f- 

tmm. 5 {CIBISOX 5^T v f - 5? , 
i»*if*^ 1 *>p)5S*«7 ®i,>rti?!pK:gB«8©;'^ 5^ 

tftig^. B(riB¥««jS«±{c^s^tsnrBfiX3n-c 
10 [W^JI 1 0 ] fiS^S^JtliS^ ? 6 {cdA-cfc 13 , m 

[0 00 n 

20 [0002] 

['{i£*©B?ri] n 1 fie*©e^riJc i^MSfiiiiss© 

ilfSjS? (JMTTRFJ i-rS) SPl O;&^-r:/n-:»i'0 

fcC^C^. ^Vim^Kfim- (MOD i 

n) 1 1 OtcfcCi-CA:^3n/di-^W. ^iSfat^^n 
(fetT r5+i^ji-ri>) 112. Bj^^fJtfiiifiS (ti 

T rAGCT>:7'j tth) 1 1 4. «:^tiitig (P 
A) 116. RFX-<^»9^(RF SW) 120*J<tC;f 
30 ^!fiSt7^Jl'^»l 2 24a-3-rr>f-:M 3 0*>f)^K 

[0003] a!{C§<tl^{Ctt. T >7=-t 1 3 0 tctel^r 

f ^1 2 0. jlS^Sl 50. iSat^tiitiS (LNA) 1 

5 2teJ:c;5=<^-9-i 5 44a-:>-cct>KSje (tiT ri 

FJ i-rS) ff#ffl;f3jSS^ (I F out) 156*>6 

[0004] jgi§(ic>-rn©«^t. 7 *-xa i' f 

Jl'-'T* (WT rPLLj i-Ti) 17 0teJ:iyf«iiSl 

40 7 2», ^SroJij^^^'bo^gp^iiji^^^L, ft 

■^ffi^ (D I V) 1 7 4(cai:^J-r.?., 5+1^1 1 2 

r. RFM-^^r^fiSL'. AGCrVT"! 1 4«C[±i;»3-r 
^. 5 1 5 4 «. R Fji-^*J<J:C>'^S|5^Jifi^?:jI 
^■r-5Ci(cJ:oT, I F<i#4*fiEl/. I FM^m;^ 

[ 0 0 0 5 ] S 1 ©R FSP 1 0 ©Klf'P^rWTKISB^-r 

6. RFSisiois. m^kttmm^o^-^mcR^iin 

50 «. tSS«eE©fffiBS^fc©fc*{c. tl^W. ;*cfr«:^4 



St i>7yf't 130 {ccviitmmWLy '<}\^^i22 
1 3 mt)mmi 1 etcmMW^cjg^sn. 

[0 00 6 ] $/c^«if*iificc4(3t:f ^s^^ (mmm 

(^ii-yxmimidctj:^^ m&m(^cis^^x^m^ti6m 

i£^s^^s>6o m^^c^mo I Fmmhti^^ 1 5 e 
\^i6K>xmt)^n?>mti^mi-m^cimr%fcMc 

gPl 0«-jJ3^c. ^{i(D/cd!)CDAGC7>:?'l 1 At. 

[0 00 7 }1|2^J. Se*(DSJPi5Cj:€>X'< '>^2 0(7) 
laSSarASo E2tCM^r. X-f «;;^2 0^i. 
^Vv^V^Ts^ (OT rpETj i-rS) 2 0 0-2 0 
3. >f>t:---^>XiaSlfl9gfnS2 1 04(3^:0*2 1 1 . 

^>'^V7x^sl^lS2 2 0-2 2 3. r>7*:fffi^-2 
3 0 . mmmi}<)^^'f'2 3 1 . ^mw^^ti^'f-2 3 

2. mi»J«i^2 4 5fc<J:0'»2*ir(aiST-2 4 6?:« 

[0 00 8 ] H2CDX>r-:;f-CDIft{^^i$iH^-r^o i^fiB# 
CC«. FET2 0 l*5j:c;2 0 2cr)|gfiicDffiMfflJ:0:;^ 
^C>A(DME?:^2ftfJfflJST-2 4 eCCEPJn-rSCiOCj: 
oT. FET2 0 l:te<fca'2 0 2^3j-:7t#:gg{CL. jO^-:) 

^ui^fc\tiEowE^m\%m^'f-2Ab\^tm\y. f 

ET2 0 Oi5J:J:>'2 0 3^:^>t^^tct-^o Cti^cJ: 

iiftm:^?ti. ffi'T-2 3K FET2 0 0*5cfca'7> 
f'tJg^-2 3 0?riioT. r>f-:f2 5 0 tca;^Sti 

[0 00 9 ] iMtcSftmct^. FET2 0 0*5<=fc(:>'2 0 
3(0igffl<Dilfe*tfflcl: 0;^*(.>^O^E*II 1 »J»iS^2 
Ab^amti>CtliCi:-:>X. FET2 0 04cJj:(:>'2 0 

^^t-y^m^cb. i)^r>'\£utfc\tjE<Dms.^m2mm 

^^2 4 6{CEnJjnLrFET2 0 l*5cfcO*2 0 2^^> 
«L®CC-rS. CtKCcfcO. T>'f:^2 5 

0. SB'2 3 0*5J:C;^FET2 0 l^riior. ig^-2 3 
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2(C|±l;^j$n^o 
[00 10] 

^mmr^fc^i^om. KFmc^^^^mn<Dfmiii^ 

9. AGC7>:/*5<l:i>'T^;5^4^--:$?*SlJfBCC<i;lSC 

[0 0 1 1 ] ±iBiigI^^^-rS/cS?)Cc:^d:$ 

[0 0 12] 

mmm.t^txhm2m't. §m^ccjiiKsn^>^3ffi 

^•<b^ii^. m\\mM:s:U%2W^^^^m^h7.A 

v^Tv'r^-^Xh-^X. m^\^m^c%5i.>x. i^m 
1«^«. i^[^2ffl^-ccS)^3n. iJUm^ti. i^^ 

3ffi8i=-;&^6ii»[$n. g^3ffiT-«. ^"y^^Y^mm 

e> ^ /c > b* ^ > X Z 2 CC JIM ^ L I ^M<^ 
^mn\^r>-D. ^lffi^*5cl:O'S02STOHcD«^ 

30 m^cmmmxhr^. w^2W&^c^^>x. 

K^lST';&^^^/c>f>b--y>XZ \ tmm3m=f-i^^ 

Ooo. gE» 1 ffiT-teJ:C>'^m 3 «^-cDra<Dil^«*^ 

f tS J: ^ . igx ^ 7 ^7 7 r :^ ^ ^im^W^cIO 

[0 0 13] ^-sum^-c^. ^1 h^>>^;^^3&i. 

mmim-t^^j^y^^ tomamhkx. ^2 

40 >v?x^:i&^5. miia^2ffiT-<h^^'>>Ki(?:'rHl5cg:^:f^ 

^3 h^>i^xa?;0^ MiBII3^T'i^^»?>Ki 

(Dratcsw^n. Sf4 ^^iSS^-iiS 
i^^tmmsm'ftors^m^hrix^K}. mib»i 

[0 0 14] $>^mmBmx\^t. mn^^>\^-^y:^z 

50 1«. 0. 5XZA-2. OXZA(DfiHCC^«WK:^ 



OxZT<Dffiffl{C||»WK:^*4l. «trE-<>f-i^>^ 

Z3«, 0. 5XZR~2. 0 xZROffiStcSIMWfC 

ccrzA. zT*jj;o*zR». -en-etve^ie 

[0 0 15] *?.XM5gi-c«, friei^i h^>yx 

KU-fVi. V-Xi. 2-0©y- hii&Wr 10 

m«w*ftiJtai©fc*©§E*§wms . 

[00 1 6] *SHj{cJ:SX'('-^5=-Ty7-^-a'«. H 

>XZ l752g[ll2S^*>6i!»./i:'/'>f-5^>y^Z2tc|| 
2}S^©ffl©!SSES«:^{b$-ttSJ;^iC. ^;^-f -;'9^7 

iKsn. g5®4ffi^«> mmimT. ^2m^. mm 

3^^-fcJ:0'Ki^7'i?>K*^6ii»?$ti. Sm^^*^ 
6*fc-/>f-i^>XZ 1 *ig[»3S^^*^6*/c-Y> f 
-y>xZ3K:JIMWK:^L.i^M^*«B*l/'oo. 
1 ST-te J: Offers ^g^r^® j^^fi5:^^t 3 # ^> <fc ^ 

tcg^KSn. *>ogE»3jS^-*>6jg»r3n. R»3»iF 

B. y7'^7>KK:m3n. i^mffi^^tt, ^2« 40 

WStl. fe»4«T*>f>*fc-<>t'-3<">;^Z4*lSEm 

2 6 ^'/c -(■> f - Z 2 WtC^ L !< 
<^**t^Lo-Q. g[»4ffi^*jJ;i>*i|[l|2®^0ia©?S 

MffJ«c$iJt£ppltg-c*0. 1^134 t^,1§(ctec^-c«. ^4 
^mSffi-fCcSi^^n. *^OHtll2ffiT-*^?.ii 

^i(2«?. ^S^'f. ^^4«'f«$el:0'K 
i'^'^^KAi^iSIRSn. gSElS44iS^*^6*fc-^>f- 50 
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Z 4 *ii^[ll3 6*^^ -1- > f - d''>X Z 3 K 
^3SS^©r^©?i^fi^^^b§l*&J:^tc. ^x^.;,?^ 

[0 0 1 7] *^)||M?gi-C«. mi h7>i^X$AS. 

>iP;^5fA5. ifiB02}g-f-ii^7't;>h-iOiatcg:t^6 

©PB^Ci:i9:i^e,n, 514 i^Emiffl^iK 
m2a^=-<i:©ffl«:S:W6n> 115 b7>j;^;^d?*5. 

M5®4^T-<ty7'j7>Ki©Pig(c^W6n. m 
7h7>i;;^f*5. tem2«T4»»4«^-iora(cS: 
wen. »8 ^mm'i-tm^mi- 
t<Dfmm-iht\. ffriemi Wcfci^r, siish? 

K»2 h7>yxi?«, t>t^«-c*ip. i^l^4 h 
3t*;sg«:tet,ir, i^ms h7>i>x3?tt. :i->t^g§T* 

0. 8^1 eil4 h7>i^X5r. ^^5 

^O. iiriBI?4t#l?l(c*jor, i^m2 h7>yxi?«. 

[0018] ^.suMJJi-cB, frie-f >f-d^'>xz 

lteJ:0'Z4«. 0. 5XZA~2. OXZA©ffiH{C 
IIKW{c^*tv. iilB-^>f-3^'>xZ2tt. 0. 5x 
ZT~2. OxZT©®fflKSI»fl<jK:^Sn. tiria-Y> 
f-i^>XZ3«, 0. 5XZR~2. OxZR©eH 
«:JI«e«j«:$sn, ccrZA. ZTteJ;c;fZR«. -e 
ti-enB5iBT>7-:^. Bfr^m«teJ:cm^^«©-^ 

[0019] hi>Wiim-c\t. *^f*»«±Km«it 

[0020] hi,mmBmx\t, mtsimmnhvcm 
[002 1 ] »ii>w0tmxkt, m^mm^^^ihK. 

[0022] 

m^mnmowM] wr. *^?g©i^©j&s8*sffl 

[0023] *WifflS{C*$WS rx-Yi;?r yf-*- 
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[0 0 2 4] {m^(DBmi)m3{t.:^mM<D:^^y 

97 v^^-^om 1 (ommwMnm^^htihtmm^ 

^CDRFgP3 0O:/D7^E'C$)^o 4^^m(D7s>(v9 
7yT^-^40\it. ^m<Di^B(tCmOX. 7yTt 

1 3 0 mt)ms 1 1 dtMmm'smEs i s 2 

t^-^40[t. ii{tmct*>^-KT14./-KT2tC 

roc J <b m#*5<fc^'RFm^o?jt:^tcoii-c« 

[0 02 5} *:^H>SCCJ:SXW^ y r4'^-^4 0 
m^»^i>^<DV. 01OAGCT>7*1 14*5j;0'r 
m^mi>. tfc:^^ y 97 yr^^^-^ 4 Oi-mt^ 

cncC«SBS$n^Cl^o RFg|53 0(3:. RFtm^m^ 

[0 02 6 ] s3(cfec>T. mmmK^^scw Ikt. 

7sAv97v7^^-^40 tC^^n-S F E TOttSl^f* 

y F t > >; ^ y R OM uct&ss 3 n/cr- ^ 
s-^c^ri^iL/. ^ti^n(DFET«:^j&'r*o y-K 

^>y--y^';ROMnj. ^\'^m.4<DW^^cn\tt 
^FFKomm^K^^^r^fc^o'f-^^^mt 

[0 0 2 7 ] 04«. ^:S|0BCCJ:^X>f ';;^r^:'f*4^- 
-^40\t. y-YT\. T2*5J:O^T3^mr*5 

f). €-ti^nr>f':M 3 0. le^jj:^' 
cvHi. F:j->y->^';R0Mnc*Siift3ia/c 

T^-^S^tcS-Jl^rFETSr^ip-rsmE^^^U. 
hXTl-CT5JCffi*-rS. 
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[00 2 8] FET QUJ. FT 1 ^i-S > 
--y>xr^^'^>>FCcJgJK-rS« -/-"FCTUCfeli 
T5t:rBX6n/cWmE&3:. ffiCiR 1 2^/rUrFET 
QlCDy--h^CjnA6ti. FET QlCDC(Dfi/fS<^) 

lcD»mEtC|£i;T. FET QWt. t^iKm^h 
1 7 t^Sg $ r(D)AC > f y > X ^ <!: 0 ^ ^ o 
FET Q l<D-f>f-:$?^>X«. t:y\K^X\t^uX 

10 <!:^/cC'ti'2>iaaCC]gtio FET Q Wt^mof ■< V \y 
yiy3>mv$>6<DX. FET Q 1 «:*>tt@.^CT* 

fcibdm. 0 [V] fc(±(Dy- h • v-xpasEVg s 

^^Anj^ci:< . i^^CFET Q 1^^7t^9l^c*r^/c 
e^^C^j:. mmVTH [V] (VTH<0) fe(TOy- h 
• y-xP^mEVg s*-^^n«J:l^ FET Q1<0 
y-- h • V'-xramEVg st!)^. VTH<Vg s <Oj^j: 
-SM^^JSI/c-r (b ^ . *?^ffl§tC:telir FET Q 1 

C <btcf 4o FET Q 1 *:^(DffJSSr«. a 
20 y h+--S^y-h^FET (feiT TMESFETj t 
•T'S) r*So tt±. FET Q HCOt^rOiftB^tS. 
*?)iMS&CfcCit:. FET Q2'>'Q4tCOt,it:fe*t: 

[0 02 9] FET Ql ilUlitC. FET Q2fcJ: 
c;Q3«. ^n-en-/-FT2*Jcl:yT3**'5-f>b- 
--3^>xry7»t?>FCcS}^-r^„ y-"FCT2fcJ:t>' 

cT3^c43iir^c:tK6n/c$w^E«. -en^n. s 

taR2 2«:/M/-CFET Q20y--hCC. i/cffilnR 

3 2^&/M^t:FET Q3cDy- Kcm^n, ^e-n^ 

30 nFET Q2*sJ:0*Q3(7)^>t:--y>X?:^{tS# 
S« ffi5xR12. R2 2*5j:0'R3 2ti. y-^>'^VT 

[0030] FET QK Q 2 :te j:(>'Q 3 -X <!: 
y7'i?>F<l:(DF^tC«. ^n^nffittRl 1. R2 1:fo 
J:i>*R3 l355S:t:f6nTC^5o CtihOt&tnRl K R 
2 l*5J:DfR3 n^:. ^ti^tiFET Ql. Q2fc<=i: 
0'Q33&^:t>t^S§O<!:^f(Dy--FTK T24oJ:0'T3 
iy^'^> FicDP€(D^>f-y>x^ililM-r^citc 

40 [0 0 3 1 ] FET QlilSHiCC.FET Q4fcJ: 
0'Q5«. -eti^n>^--FT24aJ:?>'T3^^^^>b- 
>-3^>xry-FTlCC«^T-So ^-FCT4*JJ:0' 

R4 24/M/-CFET Q4<Dy--FCC. S/cffiKRS 
2%/M/TFET Q5CDy- htCjlDA^n. ^tx-^n 
F E T Q 4 J: O^'Q 5 (D >r > y > X ^^jb? -y-^ o 
[0 03 2 ] ;XtCX-Y '^^r ^vf*:^>-^4 OCDStlf'F^I^ 
H^T'2)o.X•^^'y5=•T•:;f*^'-:$?4 0^i. WT(Z)ia)f^^- 
Fl-4^*-r^o trj:t>^. 
50 *"-Fl : il^&L/COaifi. 



•I 



11 



*-F2 •. wm&*)<omm. 

K4 : ii«*0©§fi 
r$)l). CC-C rii«J it*. ^-KTli, v-kt 

K 1 {C*Jl,>-C«. KT l*jJ;CXy- KT2<DH 

SI 1 6J!PP)Hl:^SnfcRFfi#i&«gS-ttSCi!&:< 
tt. iMfC R F SB 3 0 ^:^t?i^It(lffl^«3!>«fl6^«:fit^Jg 

^. r>t*)Mtimsi 1 e*>6m:^snytRF<i#* 

ti. K 3 «. R FSR3 0 i^ts^m^^mmm 
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* 2{C«t&-rSii^«:ffli,>6n5. *-K4«. a»{CRF 
8153 0 *Stri^«i«5SWS«&^«:ia(,^JS^. 0 r 
>f 1 1 3 0*>6A;^Sn/cRF«^?:ji«§1i-C3!pe 

[003 3] *^BJOX-Ci>9^T?f-*-*40W> 
i^-r'SJ;^tCt-K2*J<fcc;*-K4{C*jt,»-C, 
9lytf%=f- (CC-e«FET) (D$IWmE?r^{t$#S 
C:i{Cj;-3-C> •;'3=-r-:'f-^-5'4 0©2l^fi*a 

[0 034] K 1 ) *- K ICCfcW^y^-f ■;'5^r 

i'7-*-3f4 0©FET Ql~Q5©t«i!li?:«UCiF 

■r, 

[0035] 
[^1] 



FET 


Q1 


Q2 


03 


04 


05 




*-7 


*7 






*7 



[0036] ;^>ru'^r«:;r4^'-i5f4 0©^-Kl^^ 
"m^tc^^m. FET Ql-QS^^HC^m^g 

KCTi--cT5ccenJn]Tn«j:i^ Suait/'ccfc^jc, 

FET Ql-Q5 4:t>t«!StC-rS/c«?)K:«. m« 

0 [V] w±cDmE^^n-eticDy- F-icfln^n^j: 

<. FET Q l--Q5%:t:7t^SlCC'r6/ci?)tC^J. m 
;l«VTH [V] ttTcDmE^^n^E^noy- hCcJ)n;l 
ntfJ:C\ 30 

[003 7 ] 05«. ^-Y\^mi>:^A v^rvT 

^-:$r4O(D^ffiiaK0rft*o 05CC*5l^r. EBDfc 

7^tJ:f>t^®©FET^aL. l3L^/tX>f 
t^lt^OFET^^-To -t- K HC*5C^r^3:E5tC/T^ 

-YTlt^W^iti. >''-FT36ma-/>f-^>X 

Tl*jJ:OV-FT2 7!>^6ji»r5nrCi^o U/c^^^^or^ 



'Sci^c< FET Q4*Scfcov- KT 1 ^fflorrv 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Have the 1st terminal connected to an antenna, the 2nd terminal connected to a transmitter, and the 3rd 
terminal connected to a receiver, and are the switch attenuator which changes the 1st condition and the 2nd 
condition, and it sets in this 1st condition. This 1st terminal is connected to this 2nd terminal. This 1st terminal The 
impedance Z1 which it was intercepted from this 3rd terminal, and this 3rd terminal was connected to the ground, 
and was seen from this 1st terminal maintaining equal relation substantially to the impedance Z2 seen from this 2nd 
terminal This switch attenuator is electrically controllable and it sets in this 2nd condition so that the magnitude of 
attenuation between this 1st terminal and this 2nd terminal may be changed. This 1st terminal It connects with this 
3rd terminal and this 1st terminal is intercepted from this 2nd terminal. This 2nd terminal So that it connects with a 
ground, and the magnitude of attenuation between this 1st terminal and this 3rd terminal may be changed, the 
impedance Z1 seen from this 1st terminal maintaining equal relation substantially to the impedance Z3 seen from this 
3rd terminal This switch attenuator is a controllable switch attenuator electrically. 

[Claim 2] The 1st transistor is prepared between said 1st terminal and grounds. The 2nd transistor is prepared 
between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd terminal and grounds. The 
4th transistor is prepared between this 1st terminal and this 2nd terminal, the 5th transistor is prepared between this 
1st terminal and this 3rd terminal, and it sets in said 1st condition. It is the switch attenuator according to claim 1 
this whose 5th transistor this 3rd transistor is an ON state and is an OFF state, this whose 3rd transistor is an ON 
state in said 2nd condition and this whose 5th transistor is an OFF state. 

[Claim 3] Said impedance Z1 is a switch attenuator according to claim 1 to which it is substantially contained in in 
the range of 0.5xZA-2.0xZA, and said impedance Z2 is substantially contained in in the range of 0.5xZT-2.0xZT. said 
impedance Z3 is substantially contained in in the range of 0.5xZR-2.0xZR, and ZA, ZT, and ZR express the impedance 
of said antenna, said transmitter, and said receiver here, respectively. 

[Claim 4] Each of said 1st transistor, said 2nd transistor, said 3rd transistor, said 4th transistor, and said 5th 
transistor the dual gate field-effect transistor which has a drain, the source, and the two gates — it is — this — one 
gate of the two gates it connects with this drain — having — **** — this — the gate of another side of the two 
gates is connected to this source — having — **** — this — the switch attenuator according to claim 3 from 
which the two gates receive the electrical potential difference for electric control through resistance, respectively. 
[Claim 5] The 1st terminal connected to the 1st antenna, and the 2nd terminal connected to a transmitter, It has the 
3rd terminal connected to a receiver, and the 4th terminal connected to the 2nd antenna. Are the switch attenuator 
which changes the 1st condition, the 2nd condition, the 3rd condition, and the 4th condition, and it sets in this 1st 
condition. It connects with this 2nd terminal, and this 1st terminal is intercepted from this 3rd terminal. This 3rd 
terminal Connect with a ground and this 4th terminal is intercepted from this 1st terminal, this 2nd terminal, this 3rd 
terminal, and this ground. The impedance Z1 seen from this 1st terminal maintaining equal relation substantially to 
the impedance Z2 seen from this 2nd terminal, so that the magnitude of attenuation between this 1st terminal and 
this 2nd terminal may be changed This switch attenuator is electrically controllable and it sets in this 2nd condition. 
It connects with this 3rd terminal, and this 1 st terminal is intercepted from this 2nd terminal. This 2nd terminal 
Connect with a ground and this 4th terminal is intercepted from this 1st terminal, this 2nd terminal, this 3rd terminal, 
and this ground. The impedance Zl seen from this 1st terminal maintaining equal relation substantially to the 
impedance Z3 seen from this 3rd terminal, so that the magnitude of attenuation between this 1st terminal and this 
3rd terminal may be changed This switch attenuator is electrically controllable and it sets in this 3rd condition. It 
connects with this 2nd terminal, and this 4th terminal is intercepted from this 3rd terminal. This 3rd terminal Connect 
with a ground and this 1 st terminal is intercepted from this 2nd terminal, this 3rd terminal, this 4th terminal, and this 
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ground. The impedance Z4 seen from this 4th terminal maintaining equal relation substantially to the impedance Z2 
seen from this 2nd terminal, so that the magnitude of attenuation between this 4th terminal and this 2nd terminal 
may be changed This switch attenuator is electrically controllable and it sets in this 4th condition. It connects with 
this 3rd terminal, and this 4th terminal is intercepted from this 2nd terminal. This 2nd terminal Connect with a ground 
and this 1st terminal is intercepted from this 2nd terminal, this 3rd terminal, this 4th terminal, and this ground. This 
switch attenuator is a controllable switch attenuator electrically so that the magnitude of attenuation between this 
4th. terminal and this 3rd terminal may be changed the impedance Z4 seen from this 4th terminal maintaining equal 
relation substantially to the impedance Z3 seen from this 3rd terminal. 

[Claim 6] The 1st transistor is prepared between said 1st terminal and grounds. The 2nd transistor is prepared 
between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd terminal and grounds. The 
4th transistor is prepared between this 1st terminal and this 2nd terminal. The 5th transistor It is prepared between 
this 1 St terminal and this 3rd terminal, and the 6th transistor is prepared between said 4th terminal and grounds. The 
7th transistor is prepared between this 2nd terminal and this 4th terminal, the 8th transistor is prepared between this 
3rd terminal and this 4th terminal, and it sets in said 1st condition. This 3rd transistor is an ON state. This 5th 
transistor, this 6th transistor, this 7th transistor, and this 8th transistor It is an OFF state and sets in said 2nd 
condition. This 2nd transistor It is an ON state. This 4th transistor, this 6th transistor, this 7th transistor, and this 
8th transistor It is an OFF state and sets in said 3rd condition. This 3rd transistor It is an ON state. This 1st 
transistor, this 4th transistor, this 5th transistor, and this 8th transistor It is the switch attenuator according to claim 
5 this whose 2nd transistor are an OFF state and is an ON state in said 4th condition and this 1st transistor, this 4th 
transistor, this 5th transistor, and this whose 7th transistor are OFF states. 

[Claim 7] Said impedances Z1 and Z4 are substantially contained in the range of 0.5xZA-2.0xZA. Said impedance Z2 
It is substantially contained in the range of 0.5xZT-2.0xZT. Said impedance Z3 It is the switch attenuator according 
to claim 5 to which it is substantially contained in in the range of 0.5xZR-2.0xZR, and ZA, ZT, and ZR express the 
impedance of said antenna, said transmitter, and said receiver here, respectively. 

[Claim 8] A switch attenuator given in either of claim 1 to claims 7 which are integrated and are formed on the semi- 
conductor substrate. 

[Claim 9] It is the switch attenuator according to claim 8 which is further equipped with power amplifier, and this 
power amplifier is integrated on said semi-conductor substrate, and is formed. 

[Claim 10] It is the switch attenuator according to claim 9 which is further equipped with the low noise amplifier, and 
this low noise amplifier is integrated on said semi-conductor substrate, and is formed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the switch attenuator containing the high frequency switch and high 
frequency attenuator which are used for a high frequency transceiver circuit. Moreover, this invention relates to the 
semiconductor device which realizes this switch attenuator, and the RF device using this semiconductor device. 
[0002] 

[Description of the Prior Art] Drawing 1 is the block diagram showing the high frequency (referred to as "RF" below) 
section 10 of the transceiver circuit by the Prior art. The RF section 10 of a transceiver circuit is equipped with the 
RF switch 120, and, thereby, performs transmission and reception alternatively. At the time of transmission, the 
signal inputted in the modulating-signal input terminal (MOD in) 110 is radiated from an antenna 130 in space through 
a frequency converter (it considers as a "mixer" below) 1 12, a variable gain amplifier (it considers as "AGC 
amplifier" below) 114, power amplifier (PA) 116, the RF switch (RF SW) 120, and the frequency filter 122. 
[0003] Conversely, at the time of reception, the signal received in the antenna 130 is outputted through the 
frequency filter 122, the RF switch 120, an attenuator 150, a low noise amplifier (LNA) 152, and a mixer 154 from the 
intermediate frequency (referred to as "IF" below) signal output terminal (IF out) 156. 

[0004] transmission and reception — in any case, a local oscillation signal with a desired frequency is generated, and 
a phase locked loop (referred to as "PLL" below) 1 70 and an oscillator 1 72 output it to a signal distribution box (DIV) 
174. By mixing a modulating signal and a local oscillation signal, a mixer 112 generates a RF signal and outputs it to 
the AGC amplifier 1 14. By mixing a RF signal and a local oscillation signal, a mixer 154 generates an IF signal and 
outputs it to the IF signal output terminal 156. 

[0005] Actuation of the RF section 10 of drawing 1 is explained below. The RF sections 10 are some mobile 
transmitters represented by the terminal of a cellular phone. In almost all cases, in a mobile transmitter, the antenna 
130 (here, it thinks also including the frequency filter 122) which requires the comparatively big volume for 
simplification of configuration is used for the both sides of a sending circuit and a receiving circuit. In order to share 
the antenna section by transmission and reception, at the time of transmission, it is electrically combined with power 
amplifier 116, and an antenna 130 is electrically separated from a low noise amplifier 152. Conversely, at the time of 
reception, it dissociates from power amplifier 116 electrically, and an antenna 130 is electrically combined with a low 
noise amplifier 152. In order to perform the change for such transmission and reception, the semiconductor-device- 
ized RF switch 120 is usually adopted. The RF switch 120 by the conventional technique uses the transistor as a 
switching element, and it is controlling it electrically so that a transistor takes the condition of either an ON state 
and an OFF state. 

[0006] Moreover, the terminal (for example, the hand set of a cellular phone itself) in mobile communications 
transmits a RF signal to a nearby base station, and communicates by receiving a RF signal from a base station, in 
order to maintain the power received in a base station to about 1 law, according to the distance of a terminal and a 
base station, it is necessary to control delicately the power transmitted from a terminal In order to maintain almost 
uniformly the power outputted in the IF signal output terminal 156 of a terminal on the contrary, it is necessary to 
control RF power inputted into a low noise amplifier 1 52. In order to fill these demands, generally the RF section 1 0 
of a terminal is equipped with the AGC amplifier 1 14 for transmission, and the attenuator 150 for reception. 
[0007] Drawing 2 is the circuit diagram of the switch 20 by the Prior art. The switch 20 is equipped with field-effect 
transistors (referred to as "FET" below) 200-203, the resistors 210 and 21 1 for impedance adjustment, the gate bias 
resistors 220-223, the antenna terminal 230, the transmitted power-input terminal 231, the received-power output 
terminal 232, the 1st control terminal 245, and the 2nd control terminal 246 in drawin£.2 . 
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[0008] Actuation of the switch of drawing 2 is explained. At the time of transmission, by impressing a negative larger 
electrical potential difference than the absolute value of the threshold of FET 201 and 202 to the 2nd control 
terminal 246, FET 201 and 202 is made into an OFF state, and zero or a forward electrical potential difference is 
impressed to the 1st control terminal 245, and FET 200 and 203 is made into an ON state. Thereby, transmitted 
power passes along a terminal 231, FET200, and the antenna terminal 230, and is outputted to an antenna 250. 
[0009] Conversely, at the time of reception, by impressing a negative larger electrical potential difference than the 
absolute value of the threshold of FET 200 and 203 to the 1st control terminal 245. FET 200 and 203 is made into an 
OFF state, and zero or a forward electrical potential difference is impressed to the 2nd control terminal 246. and FET 
201 and 202 is made into an ON state. Thereby, received power passes along an antenna 250, a terminal 230, and 
FEf201, and is outputted to a terminal 232. 
[0010] 

[Problem(s) to be Solved by the Invention] In the migration terminal equipment of a cellular phone, in order to raise 
portability, while lightweight[ small and ]-izing a device, low-cost-izing is important. In order to realize this, the 
miniaturization and low-cost-izing of a circuit in current and the RF section are called for strongly. However, also in 
which the above-mentioned conventional technique, the transceiver circuit needed to have a switch, AGO amplifier, 
and an attenuator separately. Consequently, it had the technical problem that the transceiver circuit by the Prior art 
had the size of a device, and unescapable increase of cost. 

[001 1] The place which it is made in order that this invention may solve the above-mentioned technical problem, and 
is made into the purpose is to offer the equipment which functions as small [ which is used for a high frequency 
transceiver circuit ], a light and low cost switch, and an attenuator. 
[0012] 

[Means for Solving the Problem] The 1st terminal by which the switch attenuator by this invention is connected to 
an antenna, Have the 2nd terminal connected to a transmitter, and the 3rd terminal connected to a receiver, and are 
the switch attenuator which changes the 1st condition and the 2nd condition, and it sets in this 1st condition. This 
1st terminal is connected to this 2nd terminal. This 1st terminal The impedance Z1 which it was intercepted from this 
3rd terminal, and this 3rd terminal was connected to the ground, and was seen from this 1st terminal maintaining 
equal relation substantially to the impedance Z2 seen from this 2nd terminal This switch attenuator is electrically 
controllable and it sets in this 2nd condition so that the magnitude of attenuation between this 1st terminal and this 
2nd terminal may be changed. This 1st terminal It connects with this 3rd terminal and this 1st terminal is intercepted 
from this 2nd terminal. This 2nd terminal So that it connects with a ground, and the magnitude of attenuation 
between this 1st terminal and this 3rd terminal may be changed, the impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal This switch attenuator is 
electrically controllable and the above-mentioned purpose is attained by that. 

[0013] With a certain operation gestalt. the 1st transistor is prepared between said 1st terminal and grounds. The 
2nd transistor is prepared between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd 
terminal and grounds. The 4th transistor is prepared between this 1st terminal and this 2nd terminal, the 5th 
transistor is prepared between this 1st terminal and this 3rd terminal, and it sets in said 1st condition. This 3rd 
transistor is an ON state, this 5th transistor is an OFF state, in said 2nd condition, this 3rd transistor is an ON state 
and this 5th transistor is an OFF state. 

[0014] With a certain operation gestalt, it is contained substantially [ said impedance Z1 ] in the range of 0.5xZA- 
2.0xZA, is contained substantially [ said impedance Z2 ] in the range of 0.5xZT-2.0xZT, and is contained substantially 
[ said impedance Z3 ] in the range of 0.5xZR-2.0xZR, and ZA, ZT, and ZR express the impedance of said antenna, 
said transmitter, and said receiver here, respectively. 

[0015] With a certain operation gestalt. each of said 1st transistor, said 2nd transistor, said 3rd transistor, said 4th 
transistor, and said 5th transistor the dual gate field-effect transistor which has a drain, the source, and the two 
gates — it is ~ this — one gate of the two gates it connects with this drain — having — **** — this — the gate 
of another side of the two gates is connected to this source ~ having — **** — this ~ the two gates receive the 
electrical potential difference for electric control through resistance, respectively. 

[0016] The 1st terminal by which the switch attenuator by this invention is connected to the 1st antenna, It has the 
2nd terminal connected to a transmitter, the 3rd terminal connected to a receiver, and the 4th terminal connected to 
the 2nd antenna. Are the switch attenuator which changes the 1st condition, the 2nd condition, the 3rd condition, 
and the 4th condition, and it sets in this 1st condition. It connects with this 2nd terminal, and this 1st terminal is 
intercepted from this 3rd terminal. This 3rd terminal Connect with a ground and this 4th terminal is intercepted from 
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this 1st terminal, this 2nd terminal, this 3rd terminal, and this ground. The impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z2 seen from this 2nd terminal, so that the magnitude of 
attenuation between this 1st terminal and this 2nd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 2nd condition. It connects with this 3rd terminal, and this 1st terminal is intercepted 
»from this 2nd terminal. This 2nd terminal Connect with a ground and this 4th terminal is intercepted from this 1st 
terminal, this 2nd terminal, this 3rd terminal, and this ground. The impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal, so that the magnitude of 
attenuation between this 1st terminal and this 3rd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 3rd condition. It connects with this 2nd terminal, and this 4th terminal is intercepted 
frorh this 3rd terminal. This 3rd terminal Connect with a ground and this 1st terminal is intercepted from this 2nd 
terminal, this 3rd terminal, this 4th terminal, and this ground. The impedance Z4 seen from this 4th terminal 
maintaining equal relation substantially to the impedance Z2 seen from this 2nd terminal, so that the magnitude of 
attenuation between this 4th terminal and this 2nd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 4th condition. It connects with this 3rd terminal, and this 4th terminal is intercepted 
from this 2nd terminal. This 2nd terminal Connect with a ground and this 1st terminal is intercepted from this 2nd 
terminal, this 3rd terminal, this 4th terminal, and this ground. The impedance Z4 seen from this 4th terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal, so that the magnitude of 
attenuation between this 4th terminal and this 3rd terminal may be changed This switch attenuator is electrically 
controllable and the above-mentioned purpose is attained by that 

[0017] With a certain operation gestalt, the 1st transistor is prepared between said 1st terminal and grounds. The 
2nd transistor is prepared between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd 
terminal and grounds. The 4th transistor is prepared between this 1st terminal and this 2nd terminal. The 5th 
transistor It is prepared between this 1st terminal and this 3rd terminal, and the 6th transistor is prepared between 
said 4th terminal and grounds. The 7th transistor is prepared between this 2nd terminal and this 4th terminal, the 8th 
transistor is prepared between this 3rd terminal and this 4th terminal, and it sets in said 1st condition. This 3rd 
transistor is an ON state. This 5th transistor, this 6th transistor, this 7th transistor, and this 8th transistor It is an 
OFF state and sets in said 2nd condition. This 2nd transistor It is an ON state. This 4th transistor, this 6th 
transistor, this 7th transistor, and this 8th transistor It is an OFF state and sets in said 3rd condition. This 3rd 
transistor It is an ON state. This 1st transistor, this 4th transistor, this 5th transistor, and this 8th transistor It is an 
OFF state, and in said 4th condition, this 2nd transistor is an ON state and this 1st transistor, this 4th transistor, this 
5th transistor, and this 7th transistor are OFF states. 

[0018] With a certain operation gestalt. it is contained substantially [ said impedances Z1 and Z4 ] in the range of 
0.5xZA-2.0xZA, is contained substantially [ said impedance Z2 ] in the range of 0.5xZT-2.0xZT, and is contained 
substantially [ said impedance Z3 ] in the range of 0.5xZR-2.0xZR. and ZA. ZT. and ZR express the impedance of said 
antenna, said transmitter, and said receiver here, respectively. 

[0019] With a certain operation gestalt, on the semi-conductor substrate, it integrates and is formed. 

[0020] With a certain operation gestalt, it has power amplifier further, and this power amplifier is integrated and 

formed on said semi-conductor substrate. 

[0021] With a certain operation gestalt, it has the low noise amplifier further, and this low noise amplifier is integrated 

and formed on said semi-conductor substrate. 

[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. 
The same reference mark expresses the same component. 

[0023] The "switch attenuator" in this specification says the equipment it has equipment and the function of RF 
switch for antennas, and RF attenuator so that it may mention later. Moreover, a "node" does not necessarily need 
the terminal for connection with the equipment exterior. 

[0024] (Gestalt 1 of operation) Drawing 3 is the block diagram of the RF section 30 of the portable telephone with 
which the 1st operation gestalt of the switch attenuator of this invention is used. The switch attenuator 40 of this 
invention combines electrically an antenna 130, and power amplifier 116 or a low noise amplifier 152 according to the 
condition of transmission and reception. The switch attenuator 40 combines a node T1 with a node T2 electrically at 
the time of transmission, and. more specifically, combines node T3 with a ground electrically. Moreover, the switch 
attenuator 40 combines a node T1 with node T3 electrically at the time of reception, and combines a node T2 with a 
ground electrically. The ground in this specification is connected to the case shielded in RF while the negative 
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ele'ctrode of a power source is connected and it offers common potential about the both sides of a direct-current 
(referred to as "DC" below) signal, and a RF signal. The flow of the signal at the time of the transmission and 
reception in the RF section 30 is the same as drawing 1 explained. 

[0025] Since the switch attenuator 40 by this invention has a switch and the function of an attenuator so that it may 
mention later, it has the big effectiveness that the AGC amplifier 114 and attenuator 150 of drawing 1 can be lost. 
Moreover, if it manufactures as a semiconductor device which had the switch attenuator 40 unified, drastic reduction 
of size and cost is more desirable than a possible next door. In addition, all the transmission lines that connect each 
block of drawing 3 have the characteristic impedance of 50 ohms. Moreover, although the RF section 30 is used as 
some portable telephones, it is not limited to this here. The RF section 30 can be widely used for the equipment 
which transmits and receives a RF signal, and it can use the switch attenuator 40 widely as equipment to attenuate 
while changing a RF signal. 

[0026] In drawing 3 , the control voltage generator valve flow coefficient 1 is generated based on the data in which 
the control voltage for setting up the condition of FET contained in the switch attenuator 40 as shown in Table 1 - 4 
explained later was stored by the read only memory ROM 1. and is supplied to each FET. A read only memory ROM 1 
stores the data for generating the control voltage of FET corresponding to the condition of Table 1 - 4. 
[0027] Drawing 4 is the circuit diagram of the 1st operation gestalt of the switch attenuator by this invention. The 
switch attenuator 40 is equipped with nodes T1 and T2 and T3, and is connected to an antenna 130, power amplifier 
116, and a low noise amplifier 152, respectively. The control voltage generator valve flow coefficient 1 generates the 
electrical potential difference which controls FET based on the data stored in the read only memory ROM 1 , and 
outputs it to nodes CT1-CT5. 

[0028] FET Q1 connects a node T1 to a ground with a certain impedance. The control voltage received in the node 
CT 1 minds resistance R12, and is FET. It is added to the gate of 01 and is FET. This predetermined impedance of 
01 is changed. It responds to the control voltage of a node CT 1, and, specifically, is FET. 01 can take the 
impedance of the large range from an ON state to an OFF state. FET In an ON state, the impedance of 01 is low to 
extent it can consider that is zero, and high to extent it can consider that is infinite in an OFF state. FET Since it is 
the depletion type of N type, 01 is FET. It is FET conversely that what is necessary is just to give the electrical 
potential difference Vgs between the gate sources more than 0 [V] in order to make 01 into an ON state. What is 
necessary is just to give the electrical potential difference Vgs between the gate sources below a threshold VTH [V] 
(VTH<0). in order to make 01 into an OFF state. FET When filling the relation which the electrical potential 
difference Vgs between the gate sources of 01 becomes VTH<Vgs<0, it sets on these specifications, and it is FET. 
01 is made to call that it is the "intermediate state" of an ON state and an OFF state. FET 01 is the Schottky 
barrier gate mold FET (referred to as "MESFET" below) with the gestalt of this operation. As mentioned above, FET 
It sets on these specifications and the explanation about 01 is FET. It is applied also about 02-04. 
[0029] FET It is FET like 01. 02 and 03 connect a node T2 and T3 to a ground with a certain impedance, 
respectively. The control voltage received in nodes CT2 and CT3 minds resistance R22. and is FET, respectively. 
Resistance R32 is minded [ of 02 ] again, and it is FET. It is added to the gate of 03 and is FET, respectively. The 
impedance of 02 and 03 is changed. Resistance R12, R22. and R32 is resistance for gate bias. 
[0030] FET Between the source of 01, 02, and 03, and a ground, resistance R11, R21, and R31 is formed, 
respectively. These resistance R11, R21, and R31 is FET. respectively. Impedance matching is taken by adjusting the 
nodes T1 and T2 in case 01, 02, and 03 are ON states, and the impedance between T3 and a ground. 
[0031] FET It is FET like 01. 04 and 05 connect a node T2 and T3 to a node T1 with a certain impedance, 
respectively. The control voltage received in nodes CT4 and CT5 minds resistance R42, respectively, and is FET. 
Resistance R52 is minded [ of 04 ] again, and it is FET. It is added to the gate of 05 and the impedance of FET04 
and 05 is changed, respectively. 

[0032] Next, actuation of the switch attenuator 40 is explained. The switch attenuator 40 has the following modes of 
operation 1-4. Namely, transmission without mode 1 :attenuation, transmission with mode 2:attenuation, the reception 
without mode 3:attenuation, and the mode 4: It is reception with attenuation. Attenuation between a node T1, and a 
node T2 or node T3 of "attenuation" is said here. For example, in the mode 1, attenuation between a node T1 and a 
node T2 does not exist The mode 1 is used when the migration terminal containing the RF section 30 is distant from 
the base station (i.e., when supplying an antenna 130, without attenuating the RF signal outputted from power 
amplifier 116). The mode 2 is used when the migration terminal which contains the RF section 30 conversely is close 
to a base station (i.e., since the RF signal outputted from power amplifier 1 16 is attenuated when supplying an 
antenna 130). It is applied also when it is reception that it is the same as that of the case of transmission. The mode 
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3 is used when the migration terminal containing the RF section 30 is distant from the base station (i.e., when 
supplying a low noise amplifier 152, without attenuating the RF signal inputted from the antenna 130). The mode 4 is 
used when the migration terminal which contains the RF section 30 conversely is close to a base station (i.e., since 
the RF signal inputted from the antenna 130 is attenuated when supplying a low noise amplifier 152). 
[0033] The switch attenuator 40 of this invention can change the magnitude of attenuation of the switch attenuator 
40 continuously by changing the control voltage of a switching element (here FET) in the mode 2 and the mode 4 so 
that it may mention later. Consequently, the switch attenuator of this invention does big effectiveness so in the 
mobile communication which can take a range with large output power at the time of transmission and input power at 
the.time of reception. 

[0034] (Mode 1) FET of the switch attenuator 40 in the mode 1 The condition of Q1-Q5 is shown in Table 1. 

[0035] 

[Table 1] 
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[0036] It is FET in order to realize the mode 1 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting Q1-Q5 as the condition which shows in Table 1 to nodes 
CT1-CT5. It is FET as mentioned above. It is FET that what is necessary is just to apply the electrical potential 
difference for example, more than 0 [V] to each gate in order to make Q1-Q5 into an ON state. What is necessary is 
just to apply the electrical potential difference for example, below VTH [V] to each gate, in order to make Q1-Q5 
into an OFF state. 

[0037] Drawing 5 is the representative circuit schematic of the switch attenuator 40 in the mode 1. In drawing 5 , the 
closed switch expresses FET of an ON state and the open switch expresses FET of an OFF state. As the mode 1 is 
shown in drawing 5 , an impedance is mostly connected to a node T2 by zero, as for node T3, an impedance is mostly 
connected to a ground by zero, and node T3 is intercepted for the node T1 from the node T1 and the node T2. 
Therefore, the RF signal outputted from power amplifier 116 in the mode 1 is FET, without receiving and decreasing 
in a node T2. An antenna 130 is supplied through Q4 and a node T1. Moreover, node T3 which is an input terminal to 
a low noise amplifier 152 is FET. It prevents Q s3 connecting with a ground and an unnecessary RF signal being 
inputted by that cause into a low noise amplifier 1 52. 

[0038] The insertion loss of the switch attenuator 40 in the mode 1 is FET. It is only about 0.5dB resulting from the 
impedance (that is, impedance equivalent to on resistance) of the ON state of 04. 

[0039] (Mode 2) FET of the switch attenuator 40 in the mode 2 The condition of Q1-Q5 is shown in Table 2. 

[0040] 

[Table 2] 
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[0041] It is FET in order to realize the mode 2 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting Q1-Q5 as the condition which shows in Table 2 to nodes 
CT1-CT5. In the mode 2 and the mode 4, FET is used by the intermediate state. FET What is necessary is just to 
apply to each gate the electrical potential difference which becomes 0<Vgs<VTH as an electrical potential difference 
Vgs between the gate sources, in order to make Q1-Q5 into an intermediate state. 

[0042] Drawing 6 is the representative circuit schematic of the switch attenuator 40 in the mode 2. In drawing 6 , the 
closed switch expresses FET of an ON state, the open switch expresses FET of an OFF state, and resistance 
expresses FET of an intermediate state. Hereafter, the impedance of FETQ1-Q5 of an intermediate state is made to 
express like ZQ1-ZQ5, respectively. As the mode 2 is shown in drawing 6 , it connects with a node T2 with an 
impedance ZQ4, and a node T1 is connected to a ground with an impedance ZQ1. A node T2 is connected to a 
ground with an impedance ZQ2. As for node T3, an impedance is mostly connected to a ground by zero, and node T3 
is intercepted from the node T1 and the node T2. Therefore, it is received in a node T2. it is accompanied by the 
desired magnitude of attenuation, and the RF signal outputted from power amplifier 1 16 in the mode 2 is FET. An 
antenna 130 is supplied through 01, 02, 04, and a node T1. Moreover, node T3 which is an input terminal to a low 
noise amplifier 152 is FET, It prevents Q*s3 connecting with a ground and an unnecessary RF signal being inputted by 
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thdt cause into a low noise amplifier 152. 

[0043] The magnitude of attenuation of the switch attenuator 40 in the mode 2 is FET. It changes changing the 
control voltage applied to the gate of Q1, Q2, and Q4. i.e., by changing impedances ZQ1, ZQ2, and ZQ4. The value of 
the control voltage applied to the gate of FETQ1, Q2, and Q4 is beforehand stored in the read only memory ROM 1, 
for example, and is read according to the required magnitude of attenuation. For example, if the control voltage 
generator valve flow coefficient 1 which is a programmable voltage generator generates control voltage based on the 
data showing the control voltage read from R0M1 and outputs to the gate of each FET, the mode 2 and the mode 4 
only for a desired amount to attenuate a RF signal are realizable. Moreover, R0M1 is FET. The data showing the 
control voltage (that is, the electrical potential difference more than each 0 [V] and the electrical potential difference 
below VTH [V]) applied to the gate of Q3 and 05 may be stored collectively. Furthermore, it sets in the modes 1 , 3, 
and 4, and R0M1 is FET. The data showing the control voltage applied to Q1-Q5 may be stored collectively. 
[0044] (Mode 3) FET of the switch attenuator 40 in the mode 3 The condition of Q1-Q5 is shown in Table 3. 
[0045] 
[Table 3] 
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[0046] It is FET in order to realize the mode 3 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting 01-05 as the condition which shows in Table 3 to nodes 
CT1-CT5. 

[0047] Drawing 7 is the representative circuit schematic of the switch attenuator 40 in the mode 3. As the mode 3 is 
shown in drawing 7 R> 7, an impedance is mostly connected to node T3 by zero, mostly, an impedance is connected 
to a ground by zero and the node T2 is intercepted [ the node T2 ] for the node T1 from a node T1 and node T3. 
Therefore, the RF signal inputted from the antenna 130 in the mode 3 is FET, without receiving and decreasing in a 
node T1. A low noise amplifier 152 is supplied through 05 and node T3. Moreover, the node T2 which is an output 
terminal from power amplifier 116 is FET. It prevents 0 s2 connecting with a ground and an unnecessary RF signal 
being outputted by that cause to a low noise amplifier 1 52. 

[0048] The insertion loss of the switch attenuator 40 in the mode 3 is FET. It is only about 0.5dB resulting from the 
impedance of the ON state of 05. 

[0049] (Mode 4) FET of the switch attenuator 40 in the mode 4 The condition of 01-05 is shown in Table 4. 

[0050] 

[Table 4] 
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[0051] It is FET in order to realize the mode 4 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting 01-05 as the condition which shows in Table 4 to nodes 
GT1-CT5. 

[0052] Drawing 8 is the representative circuit schematic of the switch attenuator 40 in the mode 4. As the mode 4 is 
shown in drawing 8 R> 8, it connects with node T3 with an impedance Z05, and a node T1 is connected to a ground 
with an impedance Z01. Node T3 is connected to a ground with an impedance Z03. Mostly, an impedance is 
connected to a ground by zero, and the node T2 is intercepted for the node T2 from a node T1 and node T3. 
Therefore, it is received in a node T1, it is accompanied by the desired magnitude of attenuation, and the RF signal 
inputted from the antenna 130 in the mode 4 is FET. A low noise amplifier 152 is supplied through 01, 03, 05, and 
node T3. Moreover, the node T2 which is an output terminal from power amplifier 1 16 is FET. It prevents Q's2 
connecting with a ground and an unnecessary RF signal being inputted by that cause into a low noise amplifier 152. 
[0053] The magnitude of attenuation of the switch attenuator 40 in the mode 4 is FET. It changes changing the 
control voltage applied to the gate of 01, 03, and 05, i.e., by changing impedances Z01, Z03. and ZQ5. The value of 
the control voltage applied to the gate of FET01. 03, and 05 is beforehand stored in the read only memory ROM 1, 
as explained in the mode 2, and it is read according to the required magnitude of attenuation. 
[0054] The magnitude of attenuation can be changed filling the relation it is substantially unrelated ZT1=ZT2=Z0 in 
the mode 2 according to the gestalt of the 1st operation. An impedance ZT1 expresses the impedance of the switch 
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attenuator 40 seen from the node T1. an impedance ZT2 expresses the impedance of the switch attenuator 40 seen 
from the node T2, and an impedance ZO expresses the characteristic impedance (for example, 50ohms) of the circuit 
connected outside here. The magnitude of attenuation can be changed filling similarly the relation it is substantially 
unrelated ZT1=ZT3=Z0 in the mode 4 according to the gestalt of the 1st operation. An impedance ZT3 expresses the 
impedance of the switch attenuator 40 seen from node T3 here. 

[0055] Moreover, even if above-mentioned ZT1=ZT2=Z0 and the relation it is unrelated ZT1=ZT3=Z0 are not filled, it 
is desirable that relation called 0.5xZA<=ZT1 <=2.0xZA, 0.5xZT<=ZT2 <=2.0xZT, and 0.5xZR<=ZT3 <=2.0xZR is filled. 
An impedance ZA expresses the characteristic impedance of the circuit (here antenna 130) connected to a node T1. 
an ifnpedance ZT expresses the characteristic impedance of the circuit (here power amplifier 1 1 6) connected to a 
node T2. and an impedance ZR expresses the characteristic impedance of the circuit (here low noise amplifier 152) 
connected to node T3 here. 

[0056] Drawing 9 is the top view of the switch attenuator 40 of this invention integrated and formed on the semi- 
conductor substrate. As shown in drawing 9 , the switch attenuator 40 is integrated and formed on the gallium- 
arsenide (referred to as "GaAs" below) substrate 901. "GND" of drawing 9 expresses a ground and other reference 
marks correspond with them in drawing 4 . FET Q1-Q5 are MESFET(s), and they are formed by ion-implantation on 
the GaAs substrate 901. FET Gate length is 0.5 micrometers and the gate width of the size of Q1-Q5 is 800 
micrometers. The closure of the semiconductor chip which realized the switch attenuator 40 shown in drawing 9 is 
carried out to the resin mold package of ten pins, and it is made available. 

[0057] (Gestalt 2 of operation) Drawing 10 is the circuit diagram of the 2nd operation gestalt of the switch attenuator 
by this invention. FET of drawing 10 Q1D. Q2D, Q3D, Q4D, and Q5D are dual gate FET. FET The gate bias resistors 
R13 and R14, R23 and R24, R33 and R34, R43 and R44, and R53 and R54 are connected to the 1st gate and the 2nd 
gate of Q1 D-Q5D, respectively. Moreover, FET Between the 2nd gate of Q1D - Q5D, and a drain, capacitors 013. 
023. 033, 043, and 053 are connected, respectively, and it is FET. Between the 1st gate of Q1 D-Q5D. and the 
source, capacitors 014. 024, 034. 044, and 054 are connected, respectively. 

[0058] As for the 2nd operation gestalt, it differs from the 1st operation gestalt that the capacitor is connected 
between that dual gate FET is used instead of. and a drain and the 2nd gate and between the source and the 1 st 
gate. [ a single gate FET ] According to the configuration of the 2nd operation gestalt. the nonlinearity which FET has 
can be reduced and the outstanding distorted property can be realized. 

[0059] (Gestalt 3 of operation) Drawing 1 1 is the block diagram of the RF section 1 100 of the portable telephone with 
which the 3rd operation gestalt of the switch attenuator of this invention is used. The switch attenuator 1200 of this 
invention combines electrically antennas 130 or 131. and power amplifier 116 or a low noise amplifier 152 according 
to the condition of transmission and reception. 

[0060] More specifically, the switch attenuator 1200 intercepts the node which one is electrically combined with a 
node T2 of a node T1 and the T four at the time of transmission, combines node T3 with a ground electrically, and is 
not combined with a node T2 among a node T1 and T four from other nodes and grounds. 

[0061] Moreover, the switch attenuator 1200 intercepts the node which one is electrically combined with node T3 of 
a node T1 and the T four at the time of reception, combines a node T2 with a ground electrically, and is not 
combined with node T3 among a node T1 and T four from other nodes and grounds. Unlike having used the antenna 
with the 1st single operation gestalt, the 3rd operation gestalt can use two antennas 130 and 131. Therefore, in 
addition to the effectiveness of the 1 st operation gestalt, the 3rd operation gestalt has the effectiveness that two 
antennas 130 and 131 can be alternatively used according to the situation of transmission and reception. The 
configuration of this 3rd operation gestalt enables for example, space diversity transmission and reception. In 
addition, all the transmission lines that connect each block of drawing 1 1 have the characteristic impedance of 50 
ohms. 

[0062] The control voltage generator valve flow coefficient 2 in drawing 1 1 and drawing 12 and a read only memory 
ROM 2 function as the control voltage generator valve flow coefficient 1 and a read only memory ROM 1 similarly 
except for the nodes which supply the electrical potential difference which controls FET being 0T1-0T8. 
[0063] Drawing 12 is the circuit diagram of the 3rd operation gestalt of the switch attenuator by this invention. In 
order to join together electrically of a node T2 and T3 to one. the switch attenuator 1200 adds node T four to the 
component of the switch attenuator 40, and is FET. It has further Q6-Q8. the resistance R62, R72. and R82 for gate 
bias, nodes OT6-OT8. and the resistance R61 for impedance matching. 

[0064] Next, actuation of the switch attenuator 1200 is explained. The switch attenuator 1200 has the following 
modes of operation 1-8. Namely, the transmission without attenuation using the mode 1:antenna 130. the mode 2 : 
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The transmission with attenuation using an antenna 130, Mode 3 : The reception without attenuation using an 
antenna 130, the reception with attenuation using the mode 4:antenna 130, mode 5: — they are the transmission 
without attenuation using an antenna 131, the transmission with attenuation using the mode 6:antenna 131, the 
reception without attenuation using the mode 7:antenna 131, and reception with attenuation using the mode 
8:antenna 131. The modes 1-4 of the 3rd operation gestalt are equivalent to the mode 1 of the 1st operation gestalt 
- the mode 4, respectively. Node T four of the modes 5-8 of the 3rd operation gestalt is the same as that of the 
modes 1-4 except for being electrically combined with a node 12 or T3 instead of a node T1. 
[0065] What is necessary is just to impress the control voltage corresponding to each condition of setting FETQ1- 
Q8 as the condition which shows in following Table 5-12, respectively to nodes CT1-CT8, in order to realize the 
modes 1-8 of the switch attenuator 1200. The representative circuit schematic in the mode 1 of the switch 
attenuator 1200 - the mode 8 is shown in drawing 13 - drawing 20 , respectively. 
[0066] 
[Table 5] 
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[0067] 
[Table 6] 
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[Table 7] 
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[Table 8] 
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[0070] 
[Table 9] 
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[0073] 
[Table 12] 
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[0074] with the gestalt of the 3rd operation, the magnitude of attenuation can be changed like the gestalt of the 1st 
operation, filling substantially ZT1=ZT2=Z0 and the relation it is unrelated ZT1=ZT3=Z0 in the modes 2 and 4, 
respectively. Moreover, with the gestalt of the 3rd operation, the magnitude of attenuation can be changed in the 
modes 6 and 8, filling substantially ZT4=ZT2=Z0 and the relation it is unrelated ZT4=ZT3=Z0, respectively. An 
impedance ZT4 expresses the impedance of the switch attenuator 1200 seen from node T four here. 
[0075] Moreover, even if the above-mentioned ZT1=ZT2=Z0, ZT1=ZT3=Z0, ZT4=ZT2=Z0, and the relation it is 
unrelated ZT4=ZT3=Z0 are not filled, it is desirable that relation called 0.5xZA<=ZT1 <=2.0xZA, 0.5xZT<=ZT2 
<=2.0xZT, 0.5xZR<=ZT3 <=2.0xZR, and 0.5xZB<=ZT4 <=2.0xZB is filled. An impedance ZB expresses the 
characteristic impedance of the circuit (here antenna 131) connected to node T four here. 

[0076] With the gestalt of the 1st explained above - the 3rd operation, by setting FET as the middle condition of ON 
and OFF. also when the property of the circuit connected to a switch attenuator changes, it can respond flexibly. 
Such property change of the circuit connected may take place, when changing the power outputted from the power 
amplifier for transmission. 

[0077] Although a desired characteristic impedance is obtained with the gestalt of the above-mentioned 
implementation in the frequency band used, for example by the communication link between a portable telephone and 
a base station, it is not limited to this frequency band, but can apply to RF band widely. 

[0078] Based on the indication of the gestalt of the 2nd operation, the further effectiveness that the outstanding 
distorted property is realizable can also be acquired by transposing FET of the gestalt of the 3rd operation to dual 
gate FET. 

[0079] FET used for the switch attenuator of this invention is not limited to a depletion type, but an enhancement 
type may be used for it. Moreover, FET should just be the device which is not limited to this although it is MESFET, 
but can control an impedance by the above-mentioned operation gestalt electrically with the control terminal. As 
long as conditions, such as an operating frequency and parasitic capacitance of a device proper, allow, a PIN diode, 
the PN-junction mold FET, a MOSFET, etc. may be used, for example. 

[0080] Moreover, if the switch attenuator by this invention is integrated and formed on a semi-conductor substrate 
with power amplifier or a low noise amplifier, reduction of size and cost can be aimed at and it is more desirable. 
[0081] The control voltage generators valve flow coefficient! and valve flow coefficient2 and read only memories 
R0M1 and R0M2 will not be restricted to the configuration explained with the gestalt of the above-mentioned 
implementation, if the control voltage for setting the condition of FET of the switch attenuator by this invention as 
the condition of either an ON state, an intermediate state and an OFF state can be generated. For example, a 
programmable voltage generator without the memory which stores data in digital one may be used. Moreover, random 
access memory may be used instead of read only memories R0M1 and R0M2. 

[0082] As shown in Table 2, Table 4, Table 6, and Table 8, 10, and 12, with the gestalt of above-mentioned operation, 
three FET is set as an intermediate state at the time of the transmission with attenuation, or reception. However, 
the number of FET of an intermediate state is not restricted to three pieces, but when at least one FET is an 
intermediate state, the desired magnitude of attenuation should just be obtained. 
[0083] 

[Effect of the Invention] As mentioned above, according to this invention, in a RF device, controlling the magnitude of 
attenuation freely to the change sexagenary-cycle coincidence of the change of transmission and reception or two 
or more antennas can be realized by one semiconductor device, and the remarkable effectiveness that the formation 
of small lightweight and low-cost-izing of a device can be attained is acquired. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the switch attenuator containing the high frequency switch and high 
frequency attenuator which are used for a high frequency transceiver circuit. Moreover, this invention relates to the 
semiconductor device which realizes this switch attenuator, and the RF device using this semiconductor device. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejye 



3/6/2006 



JP,09"270659,A [PRIOR ART] 



Page 1 of 2 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.*3|njc* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Drawing 1 is the block diagram showing the high frequency (referred to as "RF" below) 
section 10 of the transceiver circuit by the Prior art. The RF section 10 of a transceiver circuit is equipped with the 
RF switch 120, and. thereby, performs transmission and reception alternatively. At the time of transmission, the 
signal inputted in the modulating-signal input terminal (MOD in) 110 is radiated from an antenna 130 in space through 
a frequency converter (it considers as a "mixer" below) 1 12, a variable gain amplifier (it considers as "AGO 
amplifier" below) 114, power amplifier (PA) 1 1 6. the RF switch (RF SW) 120, and the frequency filter 122. 
[0003] Conversely, at the time of reception, the signal received in the antenna 130 is outputted through the 
frequency filter 122, the RF switch 120, an attenuator 150, a low noise amplifier (LNA) 152, and a mixer 154 from the 
intermediate frequency (referred to as "IF" below) signal output terminal (IF out) 1 56. 

[0004] transmission and reception — in any case, a local oscillation signal with a desired frequency is generated, and 
a phase locked loop (referred to as "PLL" below) 170 and an oscillator 172 output it to a signal distribution box (DIV) 
174. By mixing a modulating signal and a local oscillation signal, a mixer 112 generates a RF signal and outputs it to 
the AGO amplifier 114. By mixing a RF signal and a local oscillation signal, a mixer 154 generates an IF signal and 
outputs it to the IF signal output terminal 1 56. 

[0005] Actuation of the RF section 10 of drawing 1 is explained below. The RF sections 10 are some mobile 
transmitters represented by the terminal of a cellular phone. In almost all cases, in a mobile transmitter, the antenna 
130 (here, it thinks also including the frequency filter 122) which requires the comparatively big volume for 
simplification of configuration is used for the both sides of a sending circuit and a receiving circuit. In order to share 
the antenna section by transmission and reception, at the time of transmission, it is electrically combined with power 
amplifier 116, and an antenna 130 is electrically separated from a low noise amplifier 152. Conversely, at the time of 
reception, it dissociates from power amplifier 116 electrically, and an antenna 130 is electrically combined with a tow 
noise amplifier 152. In order to perform the change for such transmission and reception, the semiconductor-device- 
ized RF switch 120 is usually adopted. The RF switch 120 by the conventional technique uses the transistor as a 
switching element, and it is controlling it electrically so that a transistor takes the condition of either an ON state 
and an OFF state. 

[0006] Moreover, the terminal (for example, the hand set of a cellular phone itself) in mobile communications 
transmits a RF signal to a nearby base station, and communicates by receiving a RF signal from a base station, in 
order to maintain the power received in a base station to about 1 law, according to the distance of a terminal and a 
base station, it is necessary to control delicately the power transmitted from a terminal In order to maintain almost 
uniformly the power outputted in the IF signal output terminal 156 of a terminal on the contrary, it is necessary to 
control RF power inputted into a low noise amplifier 152. In order to fill these demands, generally the RF section 10 
of a terminal is equipped with the AGO amplifier 1 14 for transmission, and the attenuator 150 for reception. 
[0007] Drawin g 2 is the circuit diagram of the switch 20 by the Prior art. The switch 20 is equipped with field-effect 
transistors (referred to as "FET" below) 200-203, the resistors 210 and 211 for impedance adjustment, the gate bias 
resistors 220-223, the antenna terminal 230, the transmitted power-input terminal 231, the received-power output 
terminal 232, the 1st control terminal 245, and the 2nd control terminal 246 in drawing 2 . 

[0008] Actuation of the switch of drawing 2 is explained. At the time of transmission, by impressing a negative larger 
electrical potential difference than the absolute value of the threshold of FET 201 and 202 to the 2nd control 
terminal 246, FET 201 and 202 is made into an OFF state, and zero or a forward electrical potential difference is 
impressed to the 1st control terminal 245, and FET 200 and 203 is made into an ON state. Thereby, transmitted 
power passes along a terminal 231, FET200, and the antenna terminal 230, and is outputted to an antenna 250. 
[0009] Conversely, at the time of reception, by impressing a negative larger electrical potential difference than the 
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absolute Value of the threshold of FET 200 and 203 to the 1st control terminal 245, FET 200 and 203 is made into an 
OFF state, and zero or a forward electrical potential difference is impressed to the 2nd control terminal 246, and FET 
201 and 202 is made into an ON state. Thereby, received power passes along an antenna 250, a terminal 230, and 
FET201. and is outputted to a terminal 232. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, according to this invention, in a RF device, controlling the magnitude of 
attenuation freely to the change sexagenary-cycle coincidence of the change of transmission and reception or two 
or more antennas can be realized by one semiconductor device, and the remarkable effectiveness that the formation 
of small lightweight and iow-cost-izing of a device can be attained is acquired. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In the migration terminal equipment of a cellular phone, in order to raise 
portability, while lightweight[ small and ]Hzing a device, low-costHzing is important. In order to realize this, the 
miniaturization and low-costHzing of a circuit in current and the RF section are called for strongly. However, also in 
which the above-mentioned conventional technique, the transceiver circuit needed to have a switch, AGC amplifier, 
and an attenuator separately. Consequently, it had the technical problem that the transceiver circuit by the Prior art 
had the size of a device, and unescapable increase of cost. 

[0011] The place which it is made in order that this invention may solve the above-mentioned technical problem, and 
is made into the purpose is to offer the equipment which functions as small [ which is used for a high frequency 
transceiver circuit ], a light and low cost switch, and an attenuator. 
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MEANS 



[Means for Solving the Problem] The 1 st terminal by which the switch attenuator by this invention is connected to 
an antenna, Have the 2nd terminal connected to a transmitter, and the 3rd terminal connected to a receiver, and are 
the switch attenuator which changes the 1st condition and the 2nd condition, and it sets in this 1st condition. This 
1st terminal is connected to this 2nd terminal. This 1st terminal The impedance Z1 which it was intercepted from this 
3rd terminal, and this 3rd terminal was connected to the ground, and was seen from this 1st terminal maintaining 
equal relation substantially to the impedance Z2 seen from this 2nd terminal This switch attenuator is electrically 
controllable and it sets in this 2nd condition so that the magnitude of attenuation between this 1st terminal and this 
2nd terminal may be changed. This 1st terminal It connects with this 3rd terminal and this 1st terminal is intercepted 
from this 2nd terminal. This 2nd terminal So that it connects with a ground, and the magnitude of attenuation 
between this 1st terminal and this 3rd terminal may be changed, the impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal This switch attenuator is 
electrically controllable and the above-mentioned purpose is attained by that. 

[0013] With a certain operation gestalt, the 1st transistor is prepared between said 1st terminal and grounds. The 
2nd transistor is prepared between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd 
terminal and grounds. The 4th transistor is prepared between this 1st terminal and this 2nd terminal, the 5th 
transistor is prepared between this 1st terminal and this 3rd terminal, and it sets in said 1st condition. This 3rd 
transistor is an ON state, this 5th transistor is an OFF state, in said 2nd condition, this 3rd transistor is an ON state 
and this 5th transistor is an OFF state. 

[0014] With a certain operation gestalt, it is contained substantially [ said impedance Z1 ] in the range of 0.5xZA- 
2.0xZA. is contained substantially [ said impedance Z2 ] in the range of 0.5xZT-2.0xZT, and is contained substantially 
[ said impedance Z3 ] in the range of 0.5xZR-2.0xZR, and ZA, ZT, and ZR express the impedance of said antenna, 
said transmitter, and said receiver here, respectively. 

[0015] With a certain operation gestalt. each of said 1st transistor, said 2nd transistor, said 3rd transistor, said 4th 
transistor, and said 5th transistor the dual gate field-effect transistor which has a drain, the source, and the two 
gates — it is — this — one gate of the two gates it connects with this drain — having — **** — this — the gate 
of another side of the two gates is connected to this source ~ having — **** — this — the two gates receive the 
electrical potential difference for electric control through resistance, respectively. 

[0016] The 1st terminal by which the switch attenuator by this invention is connected to the 1st antenna, It has the 
2nd terminal connected to a transmitter, the 3rd terminal connected to a receiver, and the 4th terminal connected to 
the 2nd antenna. Are the switch attenuator which changes the 1st condition, the 2nd condition, the 3rd condition, 
and the 4th condition, and it sets in this 1st condition. It connects with this 2nd terminal, and this 1st terminal is 
intercepted from this 3rd terminal. This 3rd terminal Connect with a ground and this 4th terminal is intercepted from 
this 1st terminal, this 2nd terminal, this 3rd terminal, and this ground. The impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z2 seen from this 2nd terminal, so that the magnitude of 
attenuation between this 1st terminal and this 2nd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 2nd condition. It connects with this 3rd terminal, and this 1st terminal is intercepted 
from this 2nd terminal. This 2nd terminal Connect with a ground and this 4th terminal is intercepted from this 1 st 
terminal, this 2nd terminal, this 3rd terminal, and this ground. The impedance Z1 seen from this 1st terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal, so that the magnitude of 
attenuation between this 1st terminal and this 3rd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 3rd condition. It connects with this 2nd terminal, and this 4th terminal is intercepted 
from this 3rd terminal. This 3rd terminal Connect with a ground and this 1 st terminal is intercepted from this 2nd 
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terminal, this 3rd terminal, this 4th terminal, and this ground. The impedance Z4 seen from this 4th terminal 
maintaining equal relation substantially to the impedance Z2 seen from this 2nd terminal, so that the magnitude of 
attenuation between this 4th terminal and this 2nd terminal may be changed This switch attenuator is electrically 
controllable and it sets in this 4th condition. It connects with this 3rd terminal, and this 4th terminal is intercepted 
from this 2nd terminal. This 2nd terminal Connect with a ground and this 1st terminal is intercepted from this 2nd 
terminal, this 3rd terminal, this 4th terminal, and this ground. The impedance Z4 seen from this 4th terminal 
maintaining equal relation substantially to the impedance Z3 seen from this 3rd terminal, so that the magnitude of 
attenuation between this 4th terminal and this 3rd terminal may be changed This switch attenuator is electrically 
controllable and the above-mentioned purpose is attained by that. 

[0017] With a certain operation gestalt, the 1st transistor is prepared between said 1st terminal and grounds. The 
2nd transistor is prepared between said 2nd terminal and grounds. The 3rd transistor is prepared between said 3rd 
terminal and grounds. The 4th transistor is prepared between this 1st terminal and this 2nd terminal. The 5th 
transistor It is prepared between this 1st terminal and this 3rd terminal, and the 6th transistor is prepared between 
said 4th terminal and grounds. The 7th transistor is prepared between this 2nd terminal and this 4th terminal, the 8th 
transistor is prepared between this 3rd terminal and this 4th terminal, and it sets in said 1st condition. This 3rd 
transistor is an ON state. This 5th transistor, this 6th transistor, this 7th transistor, and this 8th transistor It is an 
OFF state and sets in said 2nd condition. This 2nd transistor It is an ON state. This 4th transistor, this 6th 
transistor, this 7th transistor, and this 8th transistor It is an OFF state and sets in said 3rd condition. This 3rd 
transistor It is an ON state. This 1st transistor, this 4th transistor, this 5th transistor, and this 8th transistor It is an 
OFF state, and in said 4th condition, this 2nd transistor is an ON state and this 1st transistor, this 4th transistor, this 
5th transistor, and this 7th transistor are OFF states. 

[0018] With a certain operation gestalt, it is contained substantially [ said impedances Z1 and Z4 ] in the range of 
0.5xZA-2.0xZA, is contained substantially [ said impedance Z2 ] in the range of 0.5xZT-2.0xZT. and is contained 
substantially [ said impedance Z3 ] in the range of 0.5xZR-2.0xZR. and ZA. ZT, and ZR express the impedance of said 
antenna, said transmitter, and said receiver here, respectively. 

[0019] With a certain operation gestalt. on the semi-conductor substrate, it integrates and is formed. 

[0020] With a certain operation gestalt. it has power amplifier further, and this power amplifier is integrated and 

formed on said semi-conductor substrate. 

[0021] With a certain operation gestalt, it has the low noise amplifier further, and this low noise amplifier is integrated 

and formed on said semi-conductor substrate. 

[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. 
The same reference mark expresses the same component. 

[0023] The "switch attenuator" in this specification says the equipment it has equipment and the function of RF 
switch for antennas, and RF attenuator so that it may mention later. Moreover, a "node" does not necessarily need 
the terminal for connection with the equipment exterior. 

[0024] (Gestalt 1 of operation) Drawing 3 is the block diagram of the RF section 30 of the portable telephone with 
which the 1st operation gestalt of the switch attenuator of this invention is used. The switch attenuator 40 of this 
invention combines electrically an antenna 130, and power amplifier 1 16 or a low noise amplifier 152 according to the 
condition of transmission and reception. The switch attenuator 40 combines a node T1 with a node T2 electrically at 
the time of transmission, and, more specifically, combines node T3 with a ground electrically. Moreover, the switch 
attenuator 40 combines a node T1 with node T3 electrically at the time of reception, and combines a node T2 with a 
ground electrically. The ground in this specification is connected to the case shielded in RF while the negative 
electrode of a power source is connected and it offers common potential about the both sides of a direct-current 
(referred to as "DC" below) signal, and a RF signal. The flow of the signal at the time of the transmission and 
reception in the RF section 30 is the same as drawing 1 explained. 

[0025] Since the switch attenuator 40 by this invention has a switch and the function of an attenuator so that it may 
mention later, it has the big effectiveness that the AGO amplifier 114 and attenuator 150 of drawing 1 can be lost. 
Moreover, if it manufactures as a semiconductor device which had the switch attenuator 40 unified, drastic reduction 
of size and cost is more desirable than a possible next door. In addition, all the transmission lines that connect each 
block of drawing 3 have the characteristic impedance of 50 ohms. Moreover, although the RF section 30 is used as 
some portable telephones, it is not limited to this here. The RF section 30 can be widely used for the equipment 
which transmits and receives a RF signal, and it can use the switch attenuator 40 widely as equipment to attenuate 
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while changing a RF signal. 

[0026] In drawing 3 . the control voltage generator valve flow coefficient 1 is generated based on the data in which 
the control voltage for setting up the condition of FET contained in the switch attenuator 40 as shown in Table 1 - 4 
explained later was stored by the read only memory ROM 1, and is supplied to each FET. A read only memory ROM 1 
stores the data for generating the control voltage of FET corresponding to the condition of Table 1 - 4. 
[0027] Drawing 4 is the circuit diagram of the 1st operation gestalt of the switch attenuator by this invention. The 
switch attenuator 40 is equipped with nodes T1 and T2 and T3, and is connected to an antenna 130. power amplifier 
116, and a low noise amplifier 152, respectively. The control voltage generator valve flow coefficient 1 generates the 
electrical potential difference which controls FET based on the data stored in the read only memory ROM 1, and 
outputs it to nodes GT1-CT5. 

[0028] FET 01 connects a node T1 to a ground with a certain impedance. The control voltage received in the node 
CT 1 minds resistance R12. and is FET. It is added to the gate of 01 and is FET. This predetermined impedance of 
01 is changed. It responds to the control voltage of a node CT 1, and, specifically, is FET. 01 can take the 
impedance of the large range from an ON state to an OFF state. FET In an ON state, the impedance of 01 is low to 
extent it can consider that is zero, and high to extent it can consider that is infinite in an OFF state. FET Since it is 
the depletion type of N type. 01 is FET. It is FET conversely that what is necessary is just to give the electrical 
potential difference Vgs between the gate sources more than 0 [V] in order to make 01 into an ON state. What is 
necessary is just to give the electrical potential difference Vgs between the gate sources below a threshold VTH [V] 
(VTH<0), in order to make 01 into an OFF state. FET When filling the relation which the electrical potential 
difference Vgs between the gate sources of 01 becomes VTH<Vgs<0. it sets on these specifications, and it is FET. 
01 is made to call that it is the "intermediate state" of an ON state and an OFF state. FET 01 is the Schottky 
barrier gate mold FET (referred to as "MESFET" below) with the gestalt of this operation. As mentioned above. FET 
It sets on these specifications and the explanation about 01 is FET. It is applied also about 02-04. 
[0029] FET It is FET like 01. 02 and 03 connect a node T2 and T3 to a ground with a certain impedance, 
respectively. The control voltage received in nodes CT2 and CT3 minds resistance R22, and is FET, respectively. 
Resistance R32 is minded [ of 02 ] again, and it is FET. It is added to the gate of 03 and is FET, respectively. The 
impedance of 02 and 03 is changed. Resistance R12. R22. and R32 is resistance for gate bias. 
[0030] FET Between the source of 01, 02, and 03, and a ground, resistance R1 1. R21. and R31 is formed, 
respectively. These resistance R11. R21, and R31 is FET. respectively. Impedance matching is taken by adjusting the 
nodes T1 and T2 in case 01, 02. and 03 are ON states, and the impedance between T3 and a ground. 
[0031] FET It is FET like 01. 04 and 05 connect a node T2 and T3 to a node T1 with a certain impedance, 
respectively. The control voltage received in nodes CT4 and CT5 minds resistance R42, respectively, and is FET. 
Resistance R52 is minded [ of 04 ] again, and it is FET. It is added to the gate of 05 and the impedance of FET04 
and 05 is changed, respectively. 

[0032] Next, actuation of the switch attenuator 40 is explained. The switch attenuator 40 has the following modes of 
operation 1-4. Namely, transmission without mode 1 :attenuation. transmission with mode 2:attenuation, the reception 
without mode 3:attenuation, and the mode 4: It is reception with attenuation. Attenuation between a node T1, and a 
node T2 or node T3 of "attenuation" is said here. For example, in the mode 1. attenuation between a node T1 and a 
node T2 does not exist The mode 1 is used when the migration terminal containing the RF section 30 is distant from 
the base station (i.e.. when supplying an antenna 130, without attenuating the RF signal outputted from power 
amplifier 116). The mode 2 is used when the migration terminal which contains the RF section 30 conversely is close 
to a base station (i.e., since the RF signal outputted from power amplifier 116 is attenuated when supplying an 
antenna 130). It is applied also when it is reception that it is the same as that of the case of transmission. The mode 
3 is used when the migration terminal containing the RF section 30 is distant from the base station (i.e., when 
supplying a low noise amplifier 152, without attenuating the RF signal inputted from the antenna 130). The mode 4 is 
used when the migration terminal which contains the RF section 30 conversely is close to a base station (i.e., since 
the RF signal inputted from the antenna 130 is attenuated when supplying a low noise amplifier 152). 
[0033] The switch attenuator 40 of this invention can change the magnitude of attenuation of the switch attenuator 
40 continuously by changing the control voltage of a switching element (here FET) in the mode 2 and the mode 4 so 
that it may mention later. Consequently, the switch attenuator of this invention does big effectiveness so in the 
mobile communication which can take a range with large output power at the time of transmission and input power at 
the time of reception. 

[0034] (Mode 1) FET of the switch attenuator 40 in the mode 1 The condition of 01-05 is shown in Table 1. 
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[0036] It is FET in order to realize the mode 1 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting Q1-Q5 as the condition which shows in Table 1 to nodes 
CT1-CT5. It is FET as mentioned above. It is FET that what is necessary is just to apply the electrical potential 
difference for example, more than 0 [V] to each gate in order to make Q1-Q5 into an ON state. What is necessary is 
iust to apply the electrical potential difference for example, below VTH [V] to each gate, in order to make Q1-Q5 
into an OFF state. 

[0037] Drawing 5 is the representative circuit schematic of the switch attenuator 40 in the mode 1. In drawing 5 , the 
closed switch expresses FET of an ON state and the open switch expresses FET of an OFF state. As the mode 1 is 
shown in drawing 5 . an impedance is mostly connected to a node T2 by zero, as for node T3, an impedance is mostly 
connected to a ground by zero, and node T3 is intercepted for the node T1 from the node T1 and the node T2. 
Therefore, the RF signal outputted from power amplifier 116 in the mode 1 is FET, without receiving and decreasing 
in a node T2. An antenna 130 is supplied through 04 and a node T1. Moreover, node T3 which is an input terminal to 
a low noise amplifier 152 is FET. It prevents Q's3 connecting with a ground and an unnecessary RF signal being 
inputted by that cause into a low noise amplifier 1 52. 

[0038] The insertion loss of the switch attenuator 40 in the mode 1 is FET. It is only about 0.5dB resulting from the 
impedance (that is, impedance equivalent to on resistance) of the ON state of 04. 

[0039] (Mode 2) FET of the switch attenuator 40 in the mode 2 The condition of Q1-Q5 is shown in Table 2. 

[0040] 
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[0041] It is FET in order to realize the mode 2 of the switch attenuator 40. What is necessary is Just to impress the 
control voltage corresponding to each condition of setting 01 -05 as the condition which shows in Table 2 to nodes 
CT1-CT5. In the mode 2 and the mode 4, FET is used by the intermediate state. FET What is necessary is just to 
apply to each gate the electrical potential difference which becomes 0<Vgs<VTH as an electrical potential difference 
Vgs between the gate sources, in order to make Q1-Q5 into an intermediate state. 

[0042] Drawing 6 is the representative circuit schematic of the switch attenuator 40 in the mode 2. In drawing 6 . the 
closed switch expresses FET of an ON state, the open switch expresses FET of an OFF state, and resistance 
expresses FET of an intermediate state. Hereafter, the impedance of FETQ1-Q5 of an intermediate state is made to 
express like ZQ1-ZQ5. respectively. As the mode 2 Is shown in drawing 6 . it connects with a node T2 with an 
impedance ZQ4, and a node T1 is connected to a ground with an impedance Z01. A node T2 is connected to a 
ground with an impedance ZQ2. As for node T3, an impedance is mostly connected to a ground by zero, and node T3 
is intercepted from the node T1 and the node T2. Therefore, it is received in a node T2, it is accompanied by the 
desired magnitude of attenuation, and the RF signal outputted from power amplifier 11 6 in the mode 2 is FET. An 
antenna 130 is supplied through 01, 02, 04, and a node T1. Moreover, node T3 which is an input terminal to a low 
noise amplifier 152 is FET. It prevents 0's3 connecting with a ground and an unnecessary RF signal being inputted by 
that cause into a low noise amplifier 1 52. 

[0043] The magnitude of attenuation of the switch attenuator 40 in the mode 2 is FET. It changes changing the 
control voltage applied to the gate of 01, 02. and 04. i.e., by changing impedances Z01, Z02, and Z04. The value of 
the control voltage applied to the gate of FET01. 02, and 04 is beforehand stored in the read only memory ROM 1. 
for example, and is read according to the required magnitude of attenuation. For example, if the control voltage 
generator valve flow coefficient 1 which is a programmable voltage generator generates control voltage based on the 
data showing the control voltage read from R0M1 and outputs to the gate of each FET, the mode 2 and the mode 4 
only for a desired amount to attenuate a RF signal are realizable. Moreover. R0M1 is FET. The data showing the 
control voltage (that is, the electrical potential difference more than each 0 [V] and the electrical potential difference 
below VTH [V]) applied to the gate of 03 and 05 may be stored collectively. Furthermore, it sets in the modes 1, 3. 
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and 4, and R0M1 is FET. The data showing the control voltage applied to Q1-Q5 may be stored collectively. 
[0044] (Mode 3) FET of the switch attenuator 40 in the mode 3 The condition of Q1-Q5 is shown in Table 3. 
[0045] 
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[0046] It is FET in order to realize the mode 3 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting Q1-Q5 as the condition which shows in Table 3 to nodes 
CT1-CT5. 

[0047] Drawing 7 is the representative circuit schematic of the switch attenuator 40 in the mode 3. As the mode 3 is 
shown in drawing 7 R> 7, an impedance is mostly connected to node T3 by zero, mostly, an impedance is connected 
to a ground by zero and the node T2 is intercepted [ the node T2 ] for the node T1 from a node T1 and node T3. 
Therefore, the RF signal inputted from the antenna 130 in the mode 3 is FET, without receiving and decreasing in a 
node T1. A low noise amplifier 152 is supplied through Q5 and node T3. Moreover, the node T2 which is an output 
terminal from power amplifier 116 is FET. It prevents Q's2 connecting with a ground and an unnecessary RF signal 
being outputted by that cause to a low noise amplifier 152. 

[0048] The insertion loss of the switch attenuator 40 in the mode 3 is FET. It is only about 0.5dB resulting from the 
impedance of the ON state of Q5. 

[0049] (Mode 4) FET of the switch attenuator 40 in the mode 4 The condition of Q1-Q5 is shown in Table 4. 
[0050] 
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[0051] It is FET in order to realize the mode 4 of the switch attenuator 40. What is necessary is just to impress the 
control voltage corresponding to each condition of setting Q1-Q5 as the condition which shows in Table 4 to nodes 
CT1-CT5. 

[0052] Drawing 8 is the representative circuit schematic of the switch attenuator 40 in the mode 4. As the mode 4 is 
shown in drawing 8 R> 8. it connects with node T3 with an impedance ZQ5, and a node T1 is connected to a ground 
with an impedance ZQ1. Node T3 is connected to a ground with an impedance ZQ3. Mostly, an impedance is 
connected to a ground by zero, and the node T2 is intercepted for the node T2 from a node T1 and node T3. 
Therefore, it is received in a node T1, it is accompanied by the desired magnitude of attenuation, and the RF signal 
inputted from the antenna 130 in the mode 4 is FET. A low noise amplifier 152 is supplied through Q1, Q3, Q5, and 
node T3. Moreover, the node T2 which is an output terminal from power amplifier 1 1 6 is FET. It prevents Q's2 
connecting with a ground and an unnecessary RF signal being inputted by that cause into a low noise amplifier 152. 
[0053] The magnitude of attenuation of the switch attenuator 40 in the mode 4 is FET. It changes changing the 
control voltage applied to the gate of Q1, Q3, and Q5, i.e., by changing impedances ZQ1, ZQ3, and ZQ5. The value of 
the control voltage applied to the gate of FETQ1. Q3, and Q5 is beforehand stored in the read only memory ROM 1, 
as explained in the mode 2, and it is read according to the required magnitude of attenuation. 
[0054] The magnitude of attenuation can be changed filling the relation it is substantially unrelated ZT1=ZT2=Z0 in 
the mode 2 according to the gestalt of the 1st operation. An impedance ZT1 expresses the impedance of the switch 
attenuator 40 seen from the node T1, an impedance ZT2 expresses the impedance of the switch attenuator 40 seen 
from the node T2, and an impedance ZO expresses the characteristic impedance (for example, 50ohms) of the circuit 
connected outside here. The magnitude of attenuation can be changed filling similarly the relation it is substantially 
unrelated ZT1=ZT3=Z0 in the mode 4 according to the gestalt of the 1st operation. An impedance ZT3 expresses the 
impedance of the switch attenuator 40 seen from node T3 here. 

[0055] Moreover, even if above-mentioned ZT1=ZT2=Z0 and the relation it is unrelated ZT1=ZT3=Z0 are not filled, it 
is desirable that relation called 0.5xZA<=ZT1 <=2.0xZA, 0.5xZT<=ZT2 <=2.0xZT, and 0.5xZR<=ZT3 <=2.0xZR is filled. 
An impedance ZA expresses the characteristic impedance of the circuit (here antenna 130) connected to a node T1, 
an impedance ZT expresses the characteristic impedance of the circuit (here power amplifier 116) connected to a 
node T2. and an impedance ZR expresses the characteristic impedance of the circuit (here low noise amplifier 152) 
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connected to node T3 here. 

[0056] Drawing 9 is the top view of the switch attenuator 40 of this invention integrated and formed on the semi- 
conductor substrate. As shown in drawing 9 , the switch attenuator 40 is integrated and formed on the gallium- 
arsenide (referred to as "GaAs" below) substrate 901. "GND" of drawing 9 expresses a ground and other reference 
marks correspond with them in drawing 4 . FET Q1-Q5 are MESFET(s), and they are formed by ion-implantation on 
the GaAs substrate 901. FET Gate length is 0.5 micrometers and the gate width of the size of Q1-Q5 is 800 

I micrometers. The closure of the semiconductor chip which realized the switch attenuator 40 shown in drawing 9 is 

I carried out to the resin mold package of ten pins, and it is made available. 
[0057] (Gestalt 2 of operation) Drawing 10 is the circuit diagram of the 2nd operation gestalt of the switch attenuator 
by this invention. FET of drawing 1 0 Q1D, Q2D. Q3D. Q4D, and Q5D are dual gate FET. FET The gate bias resistors 
R13 and R14. R23 and R24. R33 and R34. R43 and R44. and R53 and R54 are connected to the 1st gate and the 2nd 
gate of Q1 D-Q5D. respectively. Moreover. FET Between the 2nd gate of Q1D - Q5D, and a drain, capacitors 013, 
C23, 033, 043, and 053 are connected, respectively, and it is FET. Between the 1st gate of Q1 D-Q5D, and the 
source, capacitors 014, 024, 034, 044, and 054 are connected, respectively. 

[0058] As for the 2nd operation gestalt, it differs from the 1st operation gestalt that the capacitor is connected 
between that dual gate FET is used instead of. and a drain and the 2nd gate and between the source and the 1 st 
gate. [ a single gate FET ] According to the configuration of the 2nd operation gestalt. the nonlinearity which FET has 
can be reduced and the outstanding distorted property can be realized. 

[0059] (Gestalt 3 of operation) Drawing 1 1 is the block diagram of the RF section 1 100 of the portable telephone with 
which the 3rd operation gestalt of the switch attenuator of this invention is used. The switch attenuator 1200 of this 
invention combines electrically antennas 130 or 131. and power amplifier 1 16 or a low noise amplifier 152 according 
to the condition of transmission and reception. 

[0060] More specifically, the switch attenuator 1200 intercepts the node which one is electrically combined with a 
node T2 of a node T1 and the T four at the time of transmission, combines node T3 with a ground electrically, and is 
not combined with a node T2 among a node T1 and T four from other nodes and grounds. 

[0061] Moreover, the switch attenuator 1200 intercepts the node which one is electrically combined with node T3 of 
a node T1 and the T four at the time of reception, combines a node T2 with a ground electrically, and is not 
combined with node T3 among a node T1 and T four from other nodes and grounds. Unlike having used the antenna 
with the 1st single operation gestalt, the 3rd operation gestalt can use two antennas 130 and 131. Therefore, in 
addition to the effectiveness of the 1 st operation gestalt, the 3rd operation gestalt has the effectiveness that two 
antennas 130 and 131 can be alternatively used according to the situation of transmission and reception. The 
configuration of this 3rd operation gestalt enables for example, space diversity transmission and reception. In 
addition, all the transmission lines that connect each block of drawing 1 1 have the characteristic impedance of 50 
ohms. 

[0062] The control voltage generator valve flow coefficient 2 in drawing 1 1 and drawing 12 and a read only memory 
ROM 2 function as the control voltage generator valve flow coefficient 1 and a read only memory ROM 1 similarly 
except for the nodes which supply the electrical potential difference which controls FET being 0T1-0T8. 
[0063] Drawing 12 is the circuit diagram of the 3rd operation gestalt of the switch attenuator by this invention. In 
order to join together electrically of a node T2 and T3 to one, the switch attenuator 1200 adds node T four to the 
component of the switch attenuator 40. and is FET. It has further Q6-Q8. the resistance R62, R72, and R82 for gate 
bias, nodes OT6-OT8, and the resistance R61 for impedance matching. 

[0064] Next, actuation of the switch attenuator 1200 is explained. The switch attenuator 1200 has the following 
modes of operation 1-8. Namely, the transmission without attenuation using the mode liantenna 130, the mode 2 : 
The transmission with attenuation using an antenna 130. Mode 3 : The reception without attenuation using an 
antenna 130, the reception with attenuation using the mode 4:antenna 130, mode 5: — they are the transmission 
without attenuation using an antenna 131, the transmission with attenuation using the mode 6:antenna 131, the 
reception without attenuation using the mode 7:antenna 131, and reception with attenuation using the mode 
8:antenna 131. The modes 1-4 of the 3rd operation gestalt are equivalent to the mode 1 of the 1st operation gestalt 
- the mode 4, respectively. Node T four of the modes 5-8 of the 3rd operation gestalt is the same as that of the 
modes 1-4 except for being electrically combined with a node T2 or T3 instead of a node T1. 
[0065] What is necessary is just to impress the control voltage corresponding to each condition of setting FETQ1- 
Q8 as the condition which shows in following Table 5-12, respectively to nodes 0T1-0T8, in order to realize the 
modes 1-8 of the switch attenuator 1200. The representative circuit schematic in the mode 1 of the switch 
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attenuator 1 200 - the mode 8 is shown in drawing 1 3 - drawing 20 , respectively. 
[0066] 
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[Table 7] 
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[Table 8] 
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[0070] 
[Table 9] 
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[Table 
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[0072] 
[Table 11] 
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[0073] 
[Table 12] 
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[0074] With the gestalt of the 3rd operation, the magnitude of attenuation can be changed like the gestalt of the 1st 
operation, filling substantially ZT1=ZT2=Z0 and the relation it is unrelated ZT1=ZT3=Z0 in the modes 2 and 4, 
respectively. Moreover, with the gestalt of the 3rd operation, the magnitude of attenuation can be changed in the 
modes 6 and 8, filling substantially ZT4=ZT2=Z0 and the relation it is unrelated ZT4=ZT3=Z0, respectively. An 
impedance ZT4 expresses the impedance of the switch attenuator 1200 seen from node T four here. 
[0075] Moreover, even if the above-mentioned ZT1=ZT2=Z0, ZT1=ZT3=Z0, ZT4=ZT2=Z0, and the relation it is 
unrelated ZT4=ZT3=Z0 are not filled, it is desirable that relation called 0.5xZA<=ZT1 <=2.0xZA. 0,5xZT<=ZT2 
<=2.0xZT, 0.5xZR<=ZT3 <=2.0xZR, and 0.5xZB<=ZT4 <=2.0xZB is filled. An impedance ZB expresses the 
characteristic impedance of the circuit (here antenna 131) connected to node T four here. 

[0076] With the gestalt of the 1st explained above - the 3rd operation, by setting FET as the middle condition of ON 
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and OFF, also when the property of the circuit connected to a switch attenuator changes, it can respond flexibly. 
Such property change of the circuit connected may take place, when changing the power outputted from the power 
amplifier for transmission. 

[0077] Although a desired characteristic impedance is obtained with the gestalt of the above-mentioned 
implementation in the frequency band used, for example by the communication link between a portable telephone and 
a base station, it is not limited to this frequency band, but can apply to RF band widely. 

[0078] Based on the indication of the gestalt of the 2nd operation, the further effectiveness that the outstanding 
distorted property is realizable can also be acquired by transposing FET of the gestalt of the 3rd operation to dual 
gate FET. 

[0079] FET used for the switch attenuator of this invention is not limited to a depletion type, but an enhancement 
type may be used for it. Moreover, FET should just be the device which is not limited to this although it is MESFET, 
but can control an impedance by the above-mentioned operation gestalt electrically with the control terminal. As 
long as conditions, such as an operating frequency and parasitic capacitance of a device proper, allow, a PIN diode, 
the PN-junction mold FET. a MOSFET, etc. may be used, for example. 

[0080] Moreover, if the switch attenuator by this invention is integrated and formed on a semi-conductor substrate 
with power amplifier or a low noise amplifier, reduction of size and cost can be aimed at and it is more desirable. 
[0081] The control voltage generators valve flow coefficienti and valve flow coefficient2 and read only memories 
R0M1 and R0M2 will not be restricted to the configuration explained with the gestalt of the above-mentioned 
implementation, if the control voltage for setting the condition of FET of the switch attenuator by this invention as 
the condition of either an ON state, an intermediate state and an OFF state can be generated. For example, a 
programmable voltage generator without the memory which stores data in digital one may be used. Moreover, random 
access memory may be used instead of read only memories R0M1 and R0M2. 

[0082] As shown in Table 2, Table 4, Table 6, and Table 8, 10, and 12, with the gestalt of above-mentioned operation, 
three FET is set as an intermediate state at the time of the transmission with attenuation, or reception. However, 
the number of FET of an intermediate state is not restricted to three pieces, but when at least one FET is an 
intermediate state, the desired magnitude of attenuation should just be obtained. 



[Translation done.] 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran^web_cgi_ejje 



3/6/2006 



JP,09-270659.A [DESCRIPTION OF DRAWINGS] Page 1 of 1 

* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[PjamogJ ] It is the block diagram of the radio-frequency head 10 of the transceiver circuit by the Prior art. 
[Drawing 2] It is the circuit diagram of the switch 20 by the Prior art. 

[Drawing 3] It is the block diagram of the RF section 30 of the portable telephone with which the 1 st operation 
gestalt of the switch attenuator of this invention is used. 

[Drawing 4] It is the circuit diagram of the 1 st operation gestalt of the switch attenuator by this invention. 
[Drawing 5] It is the representative circuit schematic of the switch attenuator 40 in the mode 1. 
[Drawing 6] It is the representative circuit schematic of the switch attenuator 40 in the mode 2. 
[Drawing 7] It is the representative circuit schematic of the switch attenuator 40 in the mode 3. 
[Drawin g 8] It is the representative circuit schematic of the switch attenuator 40 in the mode 4. 
[Drawing 9] It is the top view of the switch attenuator 40 of this invention integrated and formed on the semi- 
conductor substrate. 

[Drawing 10] It is the circuit diagram of the 2nd operation gestalt of the switch attenuator by this invention. 
[Drawing 11] It is the block diagram of the RF section 11 00 of the portable telephone with which the 3rd operation 
gestalt of the switch attenuator of this invention is used. 

[Drawing 12] It is the circuit diagram of the 3rd operation gestalt of the switch attenuator by this invention. 
[ Drawing 13] It is the representative circuit schematic of the switch attenuator 1 200 in the mode 1 . 
[ Drawing 14] It is the representative circuit schematic of the switch attenuator 1200 in the mode 2. 
[Drawing 15] It is the representative circuit schematic of the switch attenuator 1 200 in the mode 3. 
[Drawing 16] It is the representative circuit schematic of the switch attenuator 1200 in the mode 4. 
[Drawing 1 7] It is the representative circuit schematic of the switch attenuator 1 200 in the mode 5. 
[Drawing 18] It is the representative circuit schematic of the switch attenuator 1200 in the mode 6. 
[Drawing 19] It is the representative circuit schematic of the switch attenuator 1200 in the mode 7. 
[Drawing 20] It is the representative circuit schematic of the switch attenuator 1200 in the mode 8. 
[Description of Notations] 
40 Switch Attenuator 
01, 02. 03. 04. 05 FET 

R1 1, R12, R21, R22. R31, R32, R42, R52 Resistance 
T1. T2. T3. CT1. CT2, CT3. CT4. CT5 Node 
1 30 Antenna 
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Page 4 of 7 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran^web_cgLeije 



3/6/2006 



JP,09-270659,A [DRAWINGS] 



Page 5 of 7 




[ Drawin g 15] 




131-^ 



[Drawing 16] 
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[Drawing 18] 
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